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INTRODUCTION 



This report contains the detailed technical findings 
of the extensive study on pollution from the uranium mining 
industry in the Elliot Lake and Bancroft areas of Ontario. 
The investigation was conducted by the OWRC*with the co-operation 
of the Radiation Protection Service of the Ontario Department of 
Health. During the intensive study period between May, 1966 and 
June, 1969, details were gathered to define the nature and extent 
of pollution on the aquatic environment and effects on water uses. 

The summary findings, conclusions and recommendations 
were presented in Volume I. This second volume contains the 
supporting data including a description of the study areas, 
discussion of the waste sources, methodology, detailed examination 
of the effects of pollution on water quality and aquatic biota , 
and a discussion of the public health aspects of environmental 
radioactivity in the uranium mining areas. 



Now Ontario Ministry of the Environment. 



CHAPTER 1 



DESCRIPTION OF STUDY AREAS 



1. DESCRIPTION OF STUDY AREAS 



1.1 ELLIOT LAKE AREA 

1.1.1 Drainage System 

The Elliot Lake mining area lies within the drainage 
basin of the Serpent River in the Algoma District of Ontario. 
The river drains numerous lakes within the basin which covers 
an area of 520 square miles and discharges to the North Channel 
of Lake Huron. The main drainage channel passes from Ten Mile 
Lake at the upper end of the basin through Dunlop, Quirke, 
Kindle, Whiskey, Pecors , McCarthy, Sneddon , and Camp lakes to 
the North Channel. A westerly sub-basin formed by Elliot, 
Esten, Nordic, Marshland and Depot lakes joins the main drainage 
channel near the inlet to McCarthy Lake. The water level in Ten 
Mile Lake, which also connects with the Mississagi River drainage 
system, is more than 60 feet above that in the North Channel. 

The lakes in the upper part of the watershed; including 
Dunlop, Quirke, Teasdale, Whiskey, Pecors; are typical of the 
oligotrophic lakes of the Precambrian Shield. They are deep, 
cold, low in fertility, and high in dissolved oxygen. The fish 
population is largely composed of lake trout, whitefish, cisco 
and ling. Some warm-water fishes, such as small-mouth bass and 
walleye, are also present in certain areas. In the lower part of 
the basin the lakes are more eutrophic. They show greater 
fertility, are shallower, and more suited for walleye, perch 
and bass populations. The deep areas of these same lakes support 
populations of lake trout and associated species. 

All mining activity is presently located downstream from 
Dunlop Lake. The locations of the mines, townsites, tailings 
areas, major lakes and streams which are contained in the Serpent 
River basin are shown on Figure 1.1. 

1.1.2 Geology - Minerology 

In the Elliot Lake area, granitic rocks of Algoman age 
and Keewatin type rocks are uncomformably overlain by Huronian 
sedimentary deposits of the Bruce and Cobalt groups. In addition, 
there are Post Huronian intrusions of Nipissing diabase, olivine 
diabase and Cutler granite. The Algoman granite rocks include 
massive red-quartz monzonite, medium to course grained gneiss, 
and massive grandiorite which is grey to pink in colour. 



The surficial deposits are chiefly ground moraine 
of silty to sandy till, with end or interlobate moraine, sand, 
gravel and boulders which occur mainly in the Crotch, McCabe 
and May Lake area. Bedrock outcrops are common throughout 
the area. 

The major uranium deposits occur in a quartz-pebble 
conglomerate in the Lower Mississagi Formation of the Bruce 
series. The mineable ores lie in pronounced depressions on the 
pre-Huronian surface. The thickest beds of conglomerate occur 
in the lowest parts of the depressions and are underlain by 
green schists in contrast to pre-Huronian granitic rocks that 
underlie the thin beds of the conglomerate. The main structural 
features are the Quirke syncline in the north and the Chiblow 
anticline to the south. The axes of these folds strike slightly 
north of west and plunge gently west giving the sedimentary units 
a reverse-S-shaped outcrop. 

The main radioactive minerals, brannerite, uraninite, 
and monazite which contain the uranium and rare earth values in 
the ore, are concentrated in the matrix of the quartz-pebble 
conglomerate. The matrix is composed essentially of fine quartz 
grains, sericite, feldspar, pyrrhotite and pyrite. The latter 
two are the main gangue minerals of the matrix. The pyrite 
concentration varies widely but generally runs between 2 and 8 
percent . 

Brannerite, a metamict uranium titanate, is usually the 
most abundant of the radioactive minerals although either uraninite 
or monazite may predominate locally. Most of the thorium and rare 
earths are contained in monazite which is a rare earth phosphate 
containing thorium and minor amounts of uranium. The average 
uranium content of the ores is 2-3 lbs per ton although higher 
concentrations may occur locally. 

Several other radioactive minerals such as zircon, 
thucholite, cof finite, pitchblende and uranothorite have been 
noted in the conglomerate ores, but these contribute only a small 
proportion of the total radioactivity in the ores. 

1.1.3 Hydrology 

Since flow data were not available for the basin prior 
to the survey, 17 streamflow measurement stations were established 
by the OWRC in the area during the summer of 1966. In August of the 
same year, the Inland Water Branch of the Department of Energy, 
Mines and Resources (now Environment Canada) , installed an automatic 
recorder on the Serpent River at Hwy . 17. 



The OWRC program was expanded in 19 67 with the 
installation of two automatic recorders, one near the inlet to 
Quirke Lake, and one at the outlet of Pecors Lake. The locations 
of all stations are shown on Figure 1.1. 

Approximately three hundred direct flow measurements 
were made during the study period. In addition, many flows were 
estimated from stage/discharge relationships developed from the 
direct measurement data. 

Many streams in the basin are of an extremely flashy 
(highly variable in flow) nature, but the extensive storage 
provided by the lakes exercises a moderating effect on the flows 
in the Serpent River. Numerous small uncontrolled dams have been 
built by the mining companies to provide settling areas for mill 
wastes, however, these are believed to have little effect on the 
flow regime of the Serpent River since they retain relatively 
small artificial lakes. The hydrograph for the station at Hwy. 17 
(Figure 1.2) clearly reflects the flow trends shown by the station 
at the inlet to Quirke Lake, however, the moderating effects of the 
additional lake storage between these stations and in the westerly 
sub-basin smooths out many of the short-term variations exhibited 
by the upstream station (Figure 1.3). The rising limbs of the 
hydrographs are often steep despite the moderating effects of lake 
storage even when the ground is not frozen. This is due to rapid 
runoff from impermeable bedrock surfaces and to the steep gradients 
of the main channels between lakes resulting in short travel times. 

The distributions and amounts of runoff for the 1967 and 
1968 water years were very different. At Hwy. 17, the mean annual 
runoff of 1,070 cfs in the 1967 water year was 33 percent more than 
in the following year (Table 1.1). The additional runoff occurred 
chiefly in the months of October, November and December, 1966 and in 
April and May, 1967. These trends were also exhibited by the 
precipitation records (Table 1.1). 

1.1.4 Water and Land Uses 

A land and water use survey of the Serpent River basin 
was performed during the spring of 1968. The water uses of the 
streams affected by the mine wastes were catalogued to determine 
the degree of effect of pollution. In this report, only the 
general findings of that study will be presented and further details 
are available in OWRC files. 



FIGURE-H2 
HYDROGRAPH FOR SERPENT RIVER AT HIGHWAY N* 
FROM OCT. 1,1966 TO SEPT. 30, 1969 
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FIGURE-I:3 
HYDROGRAPH FOR SERPENT RIVER AT INLET TO QUIRKE LAKE 
FROM OCT. 1,1968 TO SEPT. 30, 1969 
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TABLE 1.1 

PRECIPITATION AND STREAMFLOW IN THE 
ELLIOT LAKE AREA 



Precipitation 



Month 



Oct. 
Nov. 
Dec. 



66 



Jan 
Feb. 

March 

April 

May 

June 

July 

Aug. 

Sept. 

Total 



67 



Algoma District 
Inches % of Normal 



5.07 

5.30 
3.14 

4.37 
2.46 
2.08 
3.74 



I 
2 

1 
4 

1 



54 
9 8 
66 
20 
51 



38.05 



155 
140 
110 

155 

100 

100 

145 

50 

90 

60 

120 

30 

101 



Streamflows for Serpent River* 

Elliot Mean Monthly flows (cfs) 

Lake Sta. 24-1 Sta. 57-2 

Inches Quirke Lake Highway 17 

5.50 - 599 

6.45 - 1,370 

4.30 - 2,000 

4.41 - 812 

3.31 - 558 
1.66 - 444 
4.68 - 2,920 
3.05 - 2,820 
2.85 - 746 
0.71 - 300 
5.14 - 192 
3.08 - 125 

45.14 Annual Average 1,070 



Oct. 

Nov. 
Dec . 



67 



Jan. 68 
Feb. 

March 

April 

May 

June 

July 

Aug. 

Sept. 

Total 

Oct. 68 
Nov. 
Dec . 

Jan. 69 
Feb. 

March 
April 
May 



4.05 
3.42 
3.35 

1.58 
2.85 
2.08 
3.70 
2.16 



4 
4 
3 
5 



3 

1 
2 
2 



83 
65 
49 
63 



41.79 

4.42 
2.25 
3.57 



70 
66 
25 
95 
49 



* Streamflows based on 



115 


4.68 


38.1 


190 


80 


5.67 


14.5 


1,130 


100 


4.61 


112 


1,040 


55 


1.63 


(104) 


752 


110 


1.52 


102 


455 


90 


2.43 


85.8 


451 


160 


5.02 


280 


1,900 


60 


3.36 


114 


1,200 


160 


4.14 


123 


651 


200 


3.41 


73.3 


463 


95 


2.33 


50.7 


399 


120 


9.03 


154 


1,020 


109 


47.83 


Annual Average 


802 


145 


3.53 


129 


886 


55 


2.90 


88.1 


648 


135 


4.95 


93.6 


807 


L20 


5.33 


- 


738 


30 


0.44 


- 


717 


50 


1.27 


137 


516 


120 


4.37 


381 


1,990 


100 


2.87 


274 


1,560 


ata 


collected from 


1966 to 1969. 
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'55, the principal use of the Serpent 
upport of fish and aquatic life. Since 
ng operations in the 1950' s, this industry- 
pal user of surface water in the Serpent 



trial Water Uses 

industry was the main user of surface 

River Basin. The total quantity of 
wn for use as process water amounted to 
ons per day during the years 1966 to 1969. 
basin have also been used by the mining 

of mill tailings and process wastewaters 
these impoundment areas being discharged 
watershed. Further details on the waste- 
presented in Chapter 2. Other minor 
3e process water for the vulcanizing 
Lre and Rubber Services Limited which 
ly 2,500 gallons per day from Elliot Lake. 

(b) Commercial Fishing 

One commercial fishing operation remains in the 
Serpent River area. It is operated by Mr. M. Johnson who 
fishes the Serpent Harbour and ships approximately 4,300 lbs 
of walleye, sturgeon and perch to New York each season, 

(c) Domestic and Recreational Water Uses 

The majority of residents in the area obtained water 
for domestic purposes either from the Elliot Lake municipal 
supply or from townsite supplies provided by the mines. These 
sources are subject to inspection and testing by OWRC. Details 
are given in Table 1.2 below. Persons obtaining water from other 
sources were found in four areas: (a) on the shores of Whiskey 
Lake, (b) on the shores of Camp Lake, (c) Serpent River near 
Hwy. 17, and (d) in the Serpent Harbour area. Some were permanent 
residents but many were either tourists or other short term users 
including trappers, logging crews and exploration teams. Water 
from Serpent River near Hwy. 17 is supplied by two private systems 
(Faucher and Scott) to the community of Serpent River (Table 1.3). 
In some areas of the basin, radionuclide contamination of water 
has limited the uses for which these waters can be employed. 
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TABLE 1.2 

SUMMARY OF MUNICIPAL AND TOWNSITE WATER SUPPLIES 
IN THE ELLIOT LAKE AREA 



Supply 

Quirke Townsite 
Nordic Townsite 
Pronto Townsite 
Pronto E. Sub- 
division 
Stanrock Townsite 
Elliot Lake 
municipal supply 
(Jan 1/68) 



No. Of 


Supply 


Wastewater 


Users 


Source 


Receiver 


87 


Dunlop Lake 


Bud Lake 


63 


Ryan Lake 


Buckles Creek 


40 (approx.) 


Lake Lauzon 


Pronto Creek 


74 


Serpent 


Serpent 




Harbour 


Harbour 


102 


Nelson Lake 


Half Moon Lake 


8,000 


Elliot Lake 


Home Lake 



Recreational uses of waters in the Serpent River basin 
included fishing, swimming, and boating by local residents and 
tourists alike. The various uses of waters containing more than 
3 pCi/1 of Ra-226 are presented in Table 1.3. 

(d) Land Uses 

Land in the Serpent River basin is used by the mining 
industry for the development of mine and mill operations, townsites , 
and tailings disposal areas. The Serpent River basin also supports 
non-industrial municipal sites, logging and trapping, the major 
portion of the non- industrial uses occurring in the vicinity of 
the municipality of Elliot Lake. The terrain is not generally 
suited for farm development, subsequently, there are no signifi- 
cant farming areas within the basin. 

(e) Comments 

There are approximately 80 homes in the Serpent River 
basin using water containing Ra-226 in excess of the proposed 
water quality standard of 3 pCi/1 for domestic purposes. The 
maximum Ra-226 concentration in these waters was 15 pCi/1 (used 
by one permanent resident on Whiskey Lake) while all other supplies 
were below 10 pCi/1. These levels should not be alarming since 
the total intake of radium through other sources, such as fish 
and crops irrigated by contaminated water, is believed to be 
negligible in the area. This opinion is based on the findings of 
the biological survey which showed that Ra-226 is not concentrated 
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TABLE 1.3 

SUMMARY OF USES OF WATERS CONTAINING 
MORE THAN 3 pCi/1 OF RADIUM-2 2 6 



Source 

Elliot Lake Area 
Whiskey Lake 
Camp Lake 

Serpent River 



Serpent H. 



Ra-226 Levels 
During Study 
pCi/1 



User (s) 



B 



15 - 


21 


Cottagers 




X X 


9 - 


12 


W,M. Pierce 
Cabin tenants 




X X 


8 - 


10 


Residents of 
Serpent River 

a) 2 stores 

b) 2 schools 

c) 66 dwellings 

d) Mayflower 
hotel 


X 


X 


4 - 


B 


Residents of 

Spragge; 
8 families 


X 


X 



D E 



x 



Bancroft Area 
Bow Creek 



Drill hole 

near Siddon Lake 



4-6 



12 



1 family 

2 families 

Cottagers and 
tourists 



x 



x 
X 



x 

X 



X 



A continuous domestic use 

B seasonal domestic use 

C swimming 

D fish consumption 

E livestock watering 
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to significant levels in the fish flesh, nor are any of the 
contaminated waters being used for irrigation of crops. 
Before final decision on the acceptability of these supplies 
can be made (discussed in Section 1.4 of Volume I), the total 
intake and significance of other radionuclides such as Ra-228, 
Lead-210 and the thoriums should be examined further to confirm 
and ensure that the total intake of radioactivity does not result 
in radiation doses in excess of acceptable limits. These radio- 
nuclides are members of the uranium- thorium families and may 
therefore be present in small quantities in these waters. 
Although there is no reason to believe that the individuals using 
these waters are exposed to an undue health hazard, consideration 
should be given to an alternate water supply where Ra-226 levels 
presently exceed 3 pCi/1 , as it may take several years before the 
levels of radioactivity in this watershed decrease. 



1.2 BANCROFT AREA 

1.2.1 Drainage System 

The uranium mines in the Bancroft area were located 
near the headwater regions of the Eels Creek and Crowe River 
systems. The drainage area affected by the mine wastes covered 
an area of approximately 150 square miles extending from the 
tailings areas to a distance of approximately 12 miles downstream 
to Chandos Lake on the Crowe River and five miles downstream to 
the outlet of Eels Lake on the Eels Creek system. 

The locations of the three uranium mines, Bicroft, Dyno 
and Faraday, which operated in the Bancroft area, are shown in 
Figure 1.4. Production at these mines ceased in the early or 
mid-sixties but during 1969 ores were mined and stockpiled under- 
ground at the Faraday Mine. 

The Bicroft Mine tailings area drains to Paudash Lake 
and thence to the Crowe River which in turn flows to the Trent 
River near Campbellford. The Faraday Mine tailings area also 
drains to the Crowe River via Bent ley Creek, Bow Lake, and Bow 
Creek. The Dyno Mine tailings area drains to Eels Lake, Eels 
Creek, Stoney Lake and to the Trent River system north of Peterboro. 

The study area included parts of Haliburton, Peterboro, 
and Hastings counties and extended downstream from the mines to 
Glen Alda on the Crowe River, and to Highway 28 on Eels Creek. 
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1.2.2. Geology - Minerology 

In the Bancroft area, Precambrian sedimentary rocks 
are underlain by granite and hybrid gneisses with a general 
slope to the south. The Precambrian sedimentary deposits show 
considerable diversity due to varying degrees of metamorphism. 
This complex, including quartzite, greywacke and paragneiss , is 
characteristically well-banded and contains a variety of secondary 
minerals including garnet and biotite. There are also extensive 
deposits of limestone, dolomite and associated rocks, with a 
transition from greyish-blue limestone in the south to white 
marble in the north near Bancroft area. Basin intrusives , 
notably in the Chandos Lake area, include diorite, gabbro, 
peridotite and basalt. 

The surficial deposits vary in thickness and comprise 
boulders, gavel, sand, silt and clay of glaciof luvial origin. 
Deposits of peat, sand and silt are also common. 

The commercial uranium deposits in this area occur in 
pegmatitic granite dykes in a region of high-grade metamorphic 
and metasomatic rocks. In general, a "pegmatite" can include 
almost any wholly crystalline igneous or metamorphic rock that 
is partly very coarse grained and its major constituents include 
minerals typically found in ordinary igneous rock. Extreme 
textural variations, especially in grain size, are characteristic. 

Most bodies of pegamatite in the Bancroft area are 
tabular, pod-like or irregular in form and this property makes 
it difficult to accurately predict the ore reserves. The ore 
bearing sections of the pegmatites consist of "shoots" that 
typically range between 30 and 300 feet in length and from 6 to 
100 feet in width. A single pegmatic body may contain two or 
three "ore" sections separated by low-grade material; in other 
cases the entire pegmatite constitutes the "shoot". 

Tenor of ore appears to vary from 0.05 percent uranium 
oxide to about 1.0 percent uranium oxide. 

The principal uranium containing minerals are uraninite 
and uranothorite. Important accessory minerals are fluorite, 
titanite, allanite, cyrtolite, calcite, pyrite, pyrrhotite, 
molybdenite and magnetite. The sulphides are generally present 
as blebs (small isolated pockets) in both the country rock and the 
pegmatite and their concentration is very low in comparison to the 
Elliot Lake area. 

Other elements such as cerium, gallium, and zirconium 
are present in the ore but their economic importance has not been 
determined. 
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1.2.3 Hydrology 

Six manually measured streamflow stations were installed 
by the OWRC in 1966 and approximately 115 direct streamflow 
measurements were made for the study. The Inland Waters Branch 
of the Department of Energy, Mines and Resources (now Environment 
Canada) installed two automatic recorders, one on Eels Creek near 
Apsley in 1967, and one on the Crowe River at Glen Alda in 1968. 
Flows at these locations averaged 137 and 224 cfs respectively, 
during the 1967 water year. The locations of streamflow stations 
are shown in Figure 1.4. Eels Creek is subject to more short 
term variation than the Crowe River but the range of mean daily 
flows is less extreme (Figures 1.5 and 1.6). 

1.2.4 Water and Land Uses 

(a) Industrial Water Uses 

The survey made in July, 1969 revealed that only one 
industry other than the mines , withdrew local surface water for 
industrial processes. York River Industries used the buildings 
at Bicroft Mine for spray painting, plastic moulding and for 
small parts manufacture and assembly. The industry provided 
employment for eight persons, and used a gravity feed water 
supply from Centre Lake. The supply was not chlorinated and was 
not used for drinking. 

(b) Domestic and Recreational Water Uses 

The uses of water containing more than 3 pCi/1 of 
Ra-226 in the Bancroft area are summarized in Table 1.3. As 
shown by the table, only one family used surface water containing 
more than 3 pCi/1 of Ra-226 in this area for domestic purposes 
on a continuous basis. This family withdrew water from Bow Creek 
where Ra-226 values ranged between 5 and 6 pCi/1 during the study 
period. In addition, there were some 50 persons who on a seasonal 
basis used water containing 12 pCi/1 Ra-226 (one sample) from a 
drill hole on the northeast shore of Siddon Lake. All other 
residents used dug wells which were found to be acceptable. 

Lakes and streams in the Bancroft area are used for 
boating, swimming and fishing by local residents, tourists and 
cottage owners. Some of them may occasionally drink water 
containing Ra-226 in excess of 3 pCi/1, (e.g. Inlet Bay and Bow 
Lake) , but the hazard to health from occasional use is considered 
to be insignificant. 
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FIGURE- 1:5 
HYDROGRAPH FOR EELS CREEK BELOW APSLEY 
FROM OCT. 1,1968 TO SEPT. 30,1969 
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FIGURE- 1:6 

HYDROGRAPH FOR CROWE RIVER -GLEN ALDA 
FROM APR- I TO SEPT, 30 1969 
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(c) Land Use 

Although there were several farms in the immediate 
mining area, only one used water for cattle watering. 



(d) Comments 

In summary, only one family was found to use water 
containing Ra-226 in excess of the proposed water quality 
standard of 3 pCi/1 . Before the acceptability of this water 
supply can be evaluated, the total intake of radioactivity 
should be determined to ensure that it is within acceptable 
limits. Consideration should also be given to an alternate 
water supply. 
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CHAPTER 2 



WASTE SOURCES 



2. WASTE SOURCES 



This chapter presents a general discussion on the 
findings of the intensive surveys which were carried out at 
each of the operating mines during the study period. Since the 
milling processes were described in the Interim Report (OWRC , 
1966), emphasis in this report will be placed on the waste 
disposal practices, and the relative waste loadings into the 
receiving waters from each of the mining operations for the 
study years. Whenever possible, effectiveness of the waste 
control measures which have been introduced by the mining 
companies in recent years will be evaluated. 

Detailed reports on Stanrock (OWRC, 1969) , Rio 
Algom Pronto (OWRC, 1969), Denison Mines (OWRC, 1969) and 
Rio Algom Nordic (OWRC, 1970) have been issued. 



2.1 ELLIOT LAKE AREA 

2.1.1 Denison Mines Limited 

i) General 

Normal mining and milling operations at Denison Mines 
Limited have continued on an uninterrupted basis since production 
commenced in 19 57. During the survey, the production rate was 
approximately 4,000 tons/day. A rare earth plant for yttrium 
recovery was operated in 1967 and again for a period in 1969. 

ii) Waste Disposal 

Wastes from the Denison mill were directed to the Long 
Lake tailings area which discharged through Stollery Lake and 
Serpent River into the northwest corner of Quirke Lake. The 
tailings overflow was treated with barium chloride at the dam 
between Long and Stollery lakes to precipitate Ra-226 in Stollery 
Lake. Another dam was constructed across the middle of Stollery 
Lake in 1969 to contain and to provide a more quiescent settling 
area for the precipitate. The effectiveness of the treatment 
could not be evaluated accurately during the field survey period 
since this dam was not completed until the spring of 1969. Since 
the Long Lake tailings basin will soon be completely filled, the 
company plans to construct additional dams at the westerly end to 
increase the effective capacity and to accommodate tailings for 
upwards to 20 years of future operation. 
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Another area of concern on the Denison property was 
an abandoned tailings area from which contaminated seepage was 
gaining access to the Serpent River downstream from Stollery 
Lake. Owing to natural oxidation and subsequent acid production 
which was characteristic of abandoned tailings areas in the 
Elliot Lake district, the seepage had a low pH , a high "heavy 
metals" content , high sulphate, and a high iron concentration. 

iii) Waste Input into Serpent River Basin 

Annual summaries of water quality data for each of the 
study years* for the Long Lake overflow are presented in Table 2.1. 
The main change in radiological quality of the overflow was an 
increase in the average annual Ra-226 concentration from 240 pCi/1 
in the first year to 460 pCi/1 in the last year of the study. 
Gross beta decreased from 2,200 to 1,500 pCi/1 during this same 
period while gross alpha remained relatively constant. Uranium 
238 fluctuated from 262 ug/1 in 1966-67 to 392 yg/1 in 1967-68 
and decreased to 31 ug/1 in 1968-69. 

The most significant changes in chemical quality of the 
overflow were increases in pH and total nitrogen as well as a 
decrease in total iron concentration. The high dissolved solids, 
sulphates, and nitrogen levels were typical of the uranium mine 
tailings effluents in the Elliot Lake area. Seasonal variation 
of the chemical quality of the tailings overflow at this location 
was not significant. 

The loadings of chemical contaminants from this source 
remained relatively uniform during each of the study years 
(Table 2.2). The Ra-226 loading on the other hand, increased 
from 1,980 uCi/day in 1966-67 to 2,870 yCi/day in 1968-69. 
During the same period, gross beta and gross alpha inputs decreased 
from 14,400 to 10,000 yCi/day and from 26,600 to 12,500 uCi/day, 
respectively. The highest radiological loadings generally 
occurred during high flow periods in spring and fall. About 75-80 
percent of total annual inputs of Ra-226 and gross alpha were 
discharged during these periods. 



The study years as referred to in this report are as follows 
first year, June 1966-May 1967; second year, June 1967-May 
1968; the third year, June 1968-May 1969. 
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TABLE 2.1 

WATER QUALITY DATA - LONG LAKE OVERFLOW 

Chemical Results* 



PARAMETER 


1966-67 


1967-68 


1968-69 


Diss, solids 


2,470 


2,870 


2,730 


Susp. solids 


9.3 


9.3 


11.6 


Phosphorus Total 


0.09 


0.08 


0.05 


Nitrogen Total 


50 


74 


143 


Hardness 


1,140 


1,505 


1,625 


Sulphates 


1,430 


1,444 


1,866 


Iron 


10 


2.1 


1.1 


Manganese 


1.3 


1.6 


1.4 


Acidity 


60 


73 


37 


Alkalinity 


1.0 


3.4 


5.5 


Chlorides 


11 


21 


34 


pH 


3.7 


4.4 


6.1 



Note - all units in mg/1 except pH 



Radiological Results 



* * 



Ra-226 Diss. 
Gross a Diss. 
Gross a Undiss 
Gross 3 Diss. 
Gross g Undiss 
U-238 



** Note - all units in pCi/1 except U-238 - yg/1 



240 


320 


460 


430 


1,350 


1,480 


290 


190 


430 


170 


2,890 


1,490 


350 


260 


330 


262 


392 


31 
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TABLE 2.2 
WASTE LOADINGS INTO SERPENT RIVER BASIN 

a) Radiological - Expressed as Microcuries/day 

( ) Figures in brackets indicate percent of total loading 



Source 



Denison 



Rio Algom 
Nordic 



Rio Algom 
Quirke 



Rio Algom 
Pronto 



Rio Algom 
Panel 



Rio Algom 
(Stanleigh- 

Milliken) 

Stanrock 



Sheriff Cr, 



Year 

1966-67 
1967-68 
1968-69 

Average 

1966-67 
1967-68 
1968-69 
Average 

1966-67 
1967-68 
1968-69 
Average 

1966-67 
1967-68 
1968-69 
Average 

1966-67 
1967-68 
1968-69 
Average 

3-Year 
Average 



3-Year 
Average 

1966-67 
1967-68 
1968-69 

Average 



Ra-226 

1,930 
1,760 
2,870 
2,200 (25) 

204 
206 
170 
190 (2.3) 

580 
190 
240 
340 (4) 

220 
210 
240 
220 (2.5) 

390 
5 40 
480 
470 (5.5) 



4,800 (56) 



200 (2.3) 

250 

80 

310 

210 (2.4) 



Gross 
Alpha 

14,000 
11,600 
10,100 
12,000 (23) 

2,280 
1,250 
2,800 
2,100 (4) 

2,440 

1,410 
1,925 (4) 

790 
780 
1,380 
980 (2) 

2,800 
1,500 
1,500 
1,900 (4) 



11,600 (23) 



18,500 (37) 

1,500 
540 
1,640 
1,200 (3) 



Gross 
Beta 

26,600 

18,400 
12,500 
19,000 (34) 

4, 310 
3,800 
4,300 
4,100 (7) 

2,100 

2,000 
2,050 (4) 

670 
940 
1,220 
940 (2) 

3,900 
2,700 
3,900 
3,300 (6) 



12,400 (22) 



12,000 (22) 

1,590 
460 
1,710 
1,250 (3) 



Total for Basin 



8,630 (100) 50,200 (100) 55,000 (100) 
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TABLE 2.2 (cont'd) 

b) Chemical - Expressed as pounds/day 
( ) Figures in brackets indicate percent of total loading 







Diss . 


Total 








Source 


Year 


Solids 


Nitrogen 


Sulphates 


Iron 


Chloride 


Denison 


1966-67 


112,000 


6,200 


57,800 


280 


2,450 




1967-68 


96,000 


3,200 


54,600 


267 


2,108 




1968-69 


120,000 


6,400 


68,000 


265 


3,420 




Average 


109,000 


5,300 


60,000 


270 


2,660 






(31) 


(58) 


(31) 


(5.3) 


(24) 


Rio 


1966-67 


85,000 


1,400 


45,000 


23 


2,240 


Algom 


1967-68 


95,000 


1,170 


52,000 


32 


2,400 


Nordic 


1968-69 


46,000 


390 


28,000 


59 


1,470 




Average 


75,000 


1,000 


42,000 


33 


2,030 






(21) 


(11) 


(22) 


(0.6) 


(18) 


Rio 


1966-67 


8,600 


42 


3,700 


96 


190 


Algom 


1967-68 


4,200 


21 


2,200 


14 


100 


Quirke 


1968-69* 


65,000 


1,400 


40,000 


170 


450 






(19) 


(15) 


(21) 


(3.3) 


(4) 


Rio 


1966-67 


10,100 


25 


4,700 


73 


590 


Algom 


1967-68 


11,600 


34 


5,400 


93 


670 


Pronto 


1968-69 


13,200 


46 


6,900 


60 


830 




Average 


11,600 


35 


5,700 


77 


700 






(3) 


(0.5) 


(3) 


(1.5) 


(6) 


Rio 


1966-67 


22,500 


280 


7,800 


400 


1,500 


Algom 


1967-68 


14,500 


190 


5,700 


190 


885 


Panel 


1968-69 


21,000 


310 


11,900 


340 


440 


Average 




19,300 


210 


8,500 


340 


940 






(6) 


(2) 


(4) 


(6.5) 


(8) 


Rio 


3-Year 












Algom 


Average 


31,000 


220 


17,200 


230 


410 


(Millik 


en- 


(9) 


(2) 


(9) 


(4.4) 


(4) 


Stanlei 


gh) 












Stan- 


3-Year 


32,000 


1,000 


18,000 4 


,000 


3,570 


rock 


Average 


(9) 


(11) 


(9) 


(78) 


(33) 


Sheriff 


1966-67 


5,800 


57 


2,300 


18 


330 


Spill 


1967-68 


1,300 


10 


600 


7 


100 




1968-69 


9,000 


73 


4,100 


38 


670 




Average 


5,400 


40 


2,500 


21 


370 






(2) 


(0.5) 


(1) 


(0.4) 


(3) 


Total f 


or Basin 


348,300 


9,200 


194,000 5 


,100 


11,130 






(100) 


(100) 


(100) 


(100) 


(100) 



* After reactivation 
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iv) Comments 

The above mentioned changes in both chemical and 
radiological qualities resulted from neutralization of the 
tailings slurry at the mill as well as other changes in waste 
disposal practices by Denison Mines Ltd. The neutralization 
was restarted in late 196 7 and the resultant increase in pH 
caused precipitation of iron in the tailings area and the 
dissolution of Ra-226. The increase in soluble Ra-226 concen- 
tration after neutralization appeared to be specific to Denison" s 
tailings only since at other mines it usually decreased with 
increasing pH. This may have been related to the waste disposal 
at the Denison mine where the tailings slurry and barren effluent 
were discharged separately to the tailings area. As a result, 
the radiological and chemical characteristics of the tailings 
overflow may have been different from those at other mines 
where the wastes were combined prior to discharge to the tailings 
area. 

As mentioned earlier, the effectiveness of the barium 
chloride treatment at this location could not be fully evaluated; 
nevertheless , some of the radium and gross radioactivity was 
removed since the loading of Ra-226 in Serpent River downstream 
from Denison 's tailings area were much lower than the loadings 
measured at the Long Lake Dam. The treatment, however, was not 
fully effective since the total input of Ra-226 and gross radio- 
activity from Denison was still very high compared to other active 
mines using the same treatment. One of the main reasons for this 
was the inadequate settling of precipitates following the barium 
chloride treatment. 

Since the overflow from the Long Lake tailings area 
received no significant dilution, other than natural precipitation 
prior to flowing into Stollery Lake, the concentrations of the 
various parameters did not vary widely with seasons. During 
extended rainfall and thaw periods, dilution of the overflow 
would occur, but at the same time leaching of the various waste 
components which may have been in the form of soluble salts in 
the tailings solids would also increase by the increased contact 
between water and the tailings solids. The net effect would be a 
marked increase in the total loading during high flow periods, 
accompanied by a smaller change in the concentrations. This 
phenomenon is illustrated in Figure 2.1 which depicts the seasonal 
variations in activities and loadings of Ra-226 and gross alpha 
from Denison' s tailings area. 

The Ra-226 and gross alpha loadings from Denison were 
the second highest from any source within the basin and accounted 
for 25 and 23 percent, respectively, of the total input into the 
basin. Gross beta loading was the highest for any single source 



28 



FIGURE -2-1 

SEASONAL VARIATION IN LOADINGS AND ACTIVITIES OF 
Ro-226 AND GROSS ALPHA FROM DENISON TAILINGS AREA 
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within the Serpent River basin during the study period 
{Table 2.2) . 

After the completion of the dam across Stollery 
Lake in late 1969, the Ra-226 concentration in the overflow 
from this lake has generally met the proposed water quality 
standard of 3 pCi/1. The gross alpha and beta activities 
have also been reduced. Since the barium- radium precipitate 
may provide a source of radium to the environment, the mining 
company must ensure containment or removal of these precipitates 
on a long-term basis. 

The chemical quality and loadings (especially dissolved 
solids, sulphates, nitrogen and iron) are not expected to change 
significantly unless improved waste treatment methods are 
developed, or changes in production volume occur. Further work 
should, therefore, be directed towards improving the chemical 
quality of the effluent. 

2.2.2 Rio Algom Mines Limited 

Rio Algom Mines Limited originally operated seven 
uranium plants in the Elliot Lake district with a total capacity 
of 19,500 tons per day; however, during the period 1967-69, 
only three of the seven were active. Two of these, Quirke and 
Nordic, recovered uranium, while a third, Pronto Mill was used 
for processing of copper ore from Pater Mine. 

a) Nordic Division 

i) General 

Conventional underground mining operations at the 
Nordic property continued until mid-1968 at which time the 
recovery process was switched over to bacterial leaching. This 
was continued until early 1970 when the mine was closed down. 
Although a thorium and yttrium recovery plant was operated in 
1966-67, the operations during this survey were used mainly for 
the recovery of uranium. 

ii) Waste Disposal 

Wastes from the Nordic operation were directed to the 
main disposal area directly north of the mill. This area also 
received the seepage from the abandoned Lacnor tailings area 
which is located approximately one mile north of the Nordic mine. 
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During the latter years of conventional mining operations, 
the tailings slurry was neutralized at the mill and then dis- 
charged directly to the northwest corner of the tailings area, 
as well as by spigotting along the south and east sides of the 
tailings. During the survey, the mine water, after extraction 
of uranium by ion exchange, was neutralized with lime and dis- 
charged to the disposal area. 

The tailings effluent was decanted from the northeast 
corner and flowed through several small settling ponds into 
Buckles Creek. Above the point of confluence, it was treated 
with barium chloride to precipitate Ra-226 into the small 
settling ponds along downstream sections of Buckles Creek. The 
treated effluent then flowed along the creek into Nordic Lake 
which drained to the westerly branch of the main Serpent River 
system. 

iii) Waste Input into Serpent River Basin 

Summaries of radiological and chemical data for each 
of the study years for Buckles Creek below the Nordic operations 
are presented in Table 2.3. 

The most noteworthy changes in radiological quality 
were decreases in Ra-226 from 11 pCi/1 in 1966-67 to 6.3 pCi/1 
in 1968-69, and an increase in gross alpha from 90 pCi/1 to 174 
pCi/1 during the same period. 

The chemical quality at this location remained 
relatively constant until 1968 when the changeover to bacterial 
leaching was completed. Since then, the concentrations of 
dissolved solids, total nitrogen and sulphates decreased signifi- 
cantly accompanied by a decrease in pH from 5 to 4.7. During the 
same period, total iron increased from 0.6 to 1.7 mg/1 . On a 
seasonal basis, the concentrations of both chemical and radio- 
logical parameters were generally highest during the summer and 
fall. The only exceptions were iron, total nitrogen and pH whose 
levels were highest during the winter. 

During 1968-69, the chemical loadings from this source 
(Table 2.2) decreased greatly with the exception of iron which 
doubled from 23 lbs/day to 59 lbs/day. The loadings of Ra-226, 
gross alpha, total nitrogen and iron, varied widely with seasons 
however, no definite patterns could be established. The seasonal 
variations in the loadings of other parameters were not as 
pronounced. 
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TABLE 2 . 3 
WATER QUALITY DATA - BUCKLES CREEK 
Chemical Results* 



PARAMETER 


1966-67 


1967-68 


1968-69 


Diss, solids 


2,460 


2,300 


1 ,500 


Susp. solids 


4.6 


3.9 


7.2 


Phosphorus Total 


0.21 


0.15 


0.07 


Nitrogen Total 


35 


27.0 


11.6 


Hardness 


1,300 


1,380 


800 


Sulphates 


1,220 


1,110 


904 


Iron 


0.60 


0.60 


1.7 


Manganese 


1.24 


0.83 


1.09 


Acidity 


21.1 


18.2 


18.8 


Alkalinity 


3.6 


5.2 


1.5 


Chlorides 


78 


99 


52 


pH 


4.9 


5.1 


4.7 



Note - all units in mg/1 except pH 



Radiological Results** 



Ra-226 Diss. 


11 


6.6 


6.3 


Gross a Diss. 


90 


43 


174 


Gross a Undiss. 


12 


9 


16 


Gross B Diss. 


19 3 


157 


161 


Gross B Undiss. 


11 


10 


27 


U-238 


15 


43 


291 



* * 



Note - all units in pCi/1 except U-238 - yg/1 
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iv) Comments 

The radiological results for Buckles Creek at Hwy . 
108 indicate effective removal of Ra-266 by the barium chloride 
treatment. Since the periodic samples collected by the mine 
personnel from this creek closer to the settling area have been 
consistently lower in Ra-226 than those at Hwy. 108, leaching of 
radium from the bottom muds may have occurred between the two 
sampling locations. These deposits should be stabilized or 
removed to prevent further escape of Ra-22 6 to the receiving 
waters . 

Since the pH of the tailings effluent in Buckles Creek 
at Hwy. 108 has been consistenly low, the neutralization practice 
at this mine should be improved to ensure that the pH of the 
tailings effluent meets OWRC requirements at all times. 

The wide seasonal variations in the concentrations and 
loadings at this location were caused by flow fluctuations . 
During high flows, greater dilution provided by the uncontaminated 
water in the reach of Buckles Creek upstream from the confluence 
with tailings decant, reduced the concentrations in the downstream 
reach. 

The Nordic operations provided the second highest input 
of chemical wastes into the Serpent River basin during the study 
years when conventional mining methods were used. However, the 
loadings decreased significantly, especially dissolved solids, 
sulphates and nitrogen, when the changeover to bacterial leaching 
was completed. 

The future chemical loadings from this source will be 
directly dependent on the activity of Nordic mine. With bacterial 
leaching, chemical and radiological loadings may remain unchanged; 
however, the chemical quality of the effluent should be kept under 
close surveillance, especially the pH and iron, since the discharges 
from bacterial leaching process have been found to cause serious 
problems in the receiving water at other locations. 



b) Panel Division 

i) General 
The Panel Mine has been inactive since 1961. 

ii) Waste Disposal 

Tailings from the mine were pumped to the Strike Lake 
tailings area which is located about one mile north of the mill, 
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TABLE 2 . 4 
WATER QUALITY DATA - ROCHESTER CREEK 
Chemical Results* 



PARAMETER 


1966-67 


1967-68 


1968-69 


Diss, solids 


76 


60 


71 


Susp. solids 


3.5 


3.9 


5.0 


Phosphorus Total 


0.03 


0.08 


0.04 


Nitrogen Total 


0.84 


0.74 


0.51 


Hardness 


36 


28 


31 


Sulphates 


31 


26 


35 


Iron 


0.82 


1.07 


0.94 


Manganese 


0.13 


0.07 


0.20 


Acidity 


4.9 


6.6 


8.8 


Alkalinity 


6.1 


4.1 


2.4 


Chlorides 


3 


3 


1 


pH 


6.1 


6.0 


5.3 



Note - all units in mg/1 except pH 



Radiological Results** 



Ra-226 Diss. 



Gross 
Gross 
Gross 
Gross 
U-238 



Diss . 
Undiss 
Diss . 
Undiss 



3.4 


2.9 


3.8 


15 


12 


15 


4 


5 


5 


22 


21 


22 


4 


5 


6 


<10 


<10 


<10 



* * 



Note - all units in pCi/1 except U-238 - yg/1 
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The tailings occupied almost half of the lake which drained 
into Quirke Lake via Rochester Creek. The effluent from this 
tailings area was not treated. 

iii) Waste Input into Serpent River Basin 

Summaries of radiological and chemical data for 
Rochester Creek are presented in Table 2.4. The results for 
the samples collected from Strike Lake itself are summarized 
in Table 2.5 below. Comparison of the data for Strike Lake 
and Rochester Creek indicates that concentrations of both 
radiological and chemical parameters in the Strike Lake 
effluent have been greatly diluted by the flow in Rochester 
Creek system. 

TABLE 2 . 5 
WATER QUALITY DATA - STRIKE LAKE 

Parameter Concentration 

Dissolved solids 600 mg/1 

Sulphates 400 mg/1 

pH ' 3 

Ra-226 42 pCi/1 

Gross alpha 800 pCi/1 

Gross beta 900 pCi/1 

U-238 200 ug/1 

During the survey, the radiological and chemical 
characteristics of Rochester Creek remained relatively uniform 
on a seasonal as well as on an annual basis. The only exception 
was pH which decreased from 6.1 to 5.3. The average annual waste 
loadings from this source (Table 2.2), as calculated from the 
data near the mouth of Rochester Creek, remained relatively 
uniform although these varied widely with the seasons without 
any definite patterns. 

iv) Comments 

The changes in pH and iron in Rochester Creek were 
caused by the continued oxidation of sulfidic compounds in the 
Strike Lake tailings area. Although the total input of wastes 
into Quirke Lake from this source is relatively low and is 
expected to remain unchanged in future, improved containment of 
the tailings by separation of the tailings deposits from the waters 
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of Strike Lake and treatment of the effluent are required 
to prevent further damage to the lakes located immediately 
downstream from this tailings area. The depressed pH in 
particular should be corrected since the oxidation phenomenon 
will continue and may accelerate in future as the area ages. 

c) Quirke Division 

i) General 

The Quirke mine and mill operated initially from 
1956 to 1961. The mill was reactivated in mid-1968 when 
operations were transferred from the Nordic property and a 
new shaft, Quirke No. 2, was completed to supply ore to the 
mill which at that time processed about 3,700 tons per day. 

ii) Waste Disposal 

Wastes from the Quirke mill were directed to the Bud 
Lake tailings area which had also been used during the earlier 
operations. Overflow from this area drained into Serpent River 
near Highway 108. The dam on the northwest side of Bud Lake was 
raised on two occasions, initially at start-up, and again in 
1969. Since this dam was constructed of waste rock, it was 
very porous and, therefore, a source of considerable seepage. 
The seepage, combined with the tailings decant, was treated with 
barium chloride to precipitate Ra-226 in small settling ponds 
which have been built immediately downstream. 

During the survey, the mill tailings were neutralized 
to above 9 pH at the mill and introduced to the disposal area by 
spigotting. The tailings disposal system was temporary, and the 
company has submitted plans to the OWRC for approval of expansion 
of the area to meet the needs of production for the next 30 years. 

iii) Waste Input into the Serpent River Basin 

Prior to the reopening of Quirke operations, the 
discharge from this tailings area was limited to seepage only; 
however, after the reopening it was composed of tailings decant 
and seepage. The Ra-226 concentration decreased from the range 
of 13 to 18 pCi/1 before the reactivation of Quirke Mine to about 
8 pCi/1 after the operations were resumed. On the other hand, 
gross alpha and gross beta activities increased from 4 3 to 51 
pCi/1 and 40 to 80 pCi/1 , respectively, during the same time 
period (Table 2.6). 
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TABLE 2.6 

WATER QUALITY DATA - CREEK FROM BUD LAKE 

Chemical Results* 



PARAMETER 


1966-67 


1967-68 


1968-6 


Diss, solids 


165 


300 


700 


Susp. solids 


2.9 


4.0 


8.1 


Phosphorus Total 


0.08 


0.06 


0.05 


Nitrogen Total 


0.87 


1.14 


12.0 


Hardness 


89 


108 


360 


Sulphates 


84 


160 


410 


Iron 


0.96 


0.76 


1.80 


Manganese 


0.26 


0.26 


0.27 


Acidity 


7.1 


7.0 


9.2 


Alkalinity 


9.1 


8.0 


6.2 


Chlorides 


4 


5 


7 


pH 


6.3 


6.0 


6.1 



* Note - all units in mg/1 except pH 



Radiological Results** 



Ra-226 Diss. 13 

Gross a Diss. 40 

Gross a Undiss. 11 

Gross 8 Diss. 38 

Gross Undiss. 11 

U-238 26 



** Note - all units in pCi/1 except U-238 - ug/1 



17 


8 


46 


51 


7 


11 


52 


80 


9 


9 


28 


32 
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The chemical wastes, as expected, showed significant 
increases in dissolved solids, sulphates, hardness, iron and 
total nitrogen after the opening of the Quirke mill. The effects 
of these changes were reflected directly in the loadings from 
this source (Table 2.2). 



iv) Comments 

The data in Table 2.2 and Table 2.6 illustrate again 
the high effectiveness of the barium chloride treatment for 
radium removal since the Ra-226 concentrations and loadings 
actually decreased after the reactivation of the Quirke mill. 

The chemical loadings to the Serpent River and their 
seasonal variations prior to the opening of the mill were minor. 
However, after the opening of the Quirke mill, the loadings 
became a significant input into the Serpent River basin, and 
varied considerably with the seasons. Since data were available 
for three seasons only, comments on variation from one year to 
another could not be made. 

In future, the chemical loadings from this source will 
be the main concern since the Ra-226 appears to be well under 
control with the barium chloride treatment; however, control of 
seepage and the settling areas below the barium chloride treatment 
should be improved. The precipitate should also be stabilized or 
removed to prevent it from migrating downstream. 



d) Pronto Division 

i) General 

Uranium mining and milling operations on the Pronto 
property were terminated in 1960. The mill was subsequently 
converted to process copper ore from the nearby Rio Algom Pater 
Mine at Spragge. Due to exhaustion of the reserves at Pater, 
the Pronto complex was closed down in 19 70. 

ii) Waste Disposal 

The original uranium mill tailings southeast of the 
mill have been completely covered with the tailings resulting 
from the copper processing. Prior to discharge to the disposal 
area, these tailings (copper processing) were neutralized with 
lime at the mill. The decant from the area flowed southward 
along a ditch directly into Serpent Harbour. 
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iii) Waste Input into Serpent Harbour 

The chemical quality of the effluent from Pronto 
tailings area did not fluctuate greatly during the course 
of this study (Table 2.7), The radiological quality, however, 
showed significant increases in gross alpha and beta activities 
during 1968-69 resulting in a marked increase in their respective 
loadings. Both radiological and chemical loadings exhibited 
slight variations with the seasons but again no definite 
patterns were evident. 



iv) Comments 

Based on the survey data, the loadings to the Serpent 
River basin from the Pronto tailings area amounted to approxi- 
mately 3 percent of the total mine waste input into Serpent 
Harbour via Serpent River. Since lime was added to the tailings 
resulting from the copper processing, the acid production due 
to oxidation of the tailings was not a problem at this location. 
However, although the loadings themselves may decrease with the 
cessation of mill operations and subsequent discontinuation of 
lime addition, the tailings overflow may become acidic in future, 
Lime addition may, therefore, be required on a continuous basis 
to overcome this problem. 

e) Milliken and Stanleigh Divisions 

i) General 

Milliken Mine ceased operations in 1964. Bacterial 
leaching was carried out in the late stages of operation. The 
Stanleigh Mine was closed in 1960, but since then some of the 
buildings have been used for research laboratories by Rio Algom 
Mines Limited. 



ii) Waste Disposal 

Tailings from both the Milliken and Stanleigh operations 
were discharged to the west arm of Crotch Lake where they were 
confined to some extent by a dam. Some tailings did gain access 
to the main body of Crotch Lake resulting in intimate contact 
between the tailings and the lake water. The outflow from Crotch 
Lake drains into Pecors Lake through McCabe, May and Hough lakes. 

In late 1969, Rio Algom Mines contracted a commercial 
erosion control firm to seed 15 acres of the Crotch Lake tailings 
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TABLE 2.7 
WATER QUALITY DATA - CREEK FROM PRONTO TAILINGS AREA 

Chemical Results* 



PARAMETER 


1966-67 


1967-68 


1968-69 


Diss, solids 


290 


300 


280 


Susp. solids 


8.4 


7.7 


6.0 


Phosphorus Total 


.09 


.08 


.06 


Nitrogen Total 


1.0 


1.1 


0.9 


Hardness 


161 


166 


152 


Sulphates 


137 


135 


154 


Iron 


2.0 


2.4 


1.1 


Manganese 


0.26 


0.28 


0.24 


Acidity 


4.4 


6.1 


6.5 


Alkalinity 


10.4 


8.9 


5.7 


Chlorides 


21 


20 


17 


PH 


6.6 


6.2 


6.4 



Note - all units in mg/1 except pH 



Radiological Results** 



Ra-226 Diss. 17 

Gross a Diss. 39 

Gross a Undiss. 22 

Gross g Diss. 38 

Gross q Undiss. 22 

U-238 27 



Note - all units in pCi/1 except U-238 - ug/1 



13 


16 


40 


66 


14 


14 


46 


59 


16 


15 


30 


28 
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area in an effort to control erosion due to surface run-off 
and wind action. The results of this test seeding will be 
the basis for a decision by the company to proceed with 
seeding on other abandoned tailings areas under their control. 

iii) Waste Input into Serpent River Basin 

The gross alpha and beta activities of the Crotch 
Lake outflow increased considerably during 1967-68, and decreased 
somewhat during 1968-69, while the Ra-226 level remained relatively 
uniform (Table 2.8). On the other hand, the chemical quality of 
the outflow improved considerably with the exception of pH, iron 
and acidity. The pH dropped from 5.2 in 1966-67 to 4.1 in 1968-69, 
while iron and acidity levels increased more than two-fold. 
During the same period, the dissolved solids, sulphates and hard- 
ness levels decreased by about 4 0-4 5 percent. 

The concentrations of the chemical and radiological 
parameters were generally the highest during summer and fall. 

Owing to limited flow data, the variations in seasonal 
and annual loadings from this source could not be determined. 
The loadings in Table 2.2 are estimates of the average daily 
loading based on data collected over the 3-year survey period. 

iv) Comments 

Since the tailings were dumped directly into the west 
arm of Crotch Lake without construction of proper dams for separa- 
tion of the tailings from the lake water, severe leaching of 
Ra-226 from this tailings area has occurred. In fact, Ra-226 
concentrations in the east half of the Crotch Lake and downstream 
McCabe Lake were the highest for any of the lakes within the 
Serpent River basin and accounted for the greatest loading of 
Ra-226 into the Serpent River Basin. 

The need for better containment of the tailings solids 
(separation from the lake water and stabilization of surface 
tailings) and treatment of polluted drainage for Ra-226 and pH 
control is self-evident. Rio Algom Mines Ltd. should make every 
effort to correct these problems as soon as possible. 



2.1.3 Stanrock Uranium Mines Limited 

i) General 

Conventional underground mining at Stanrock Uranium 
Mines Limited was terminated in 1964 and subsequent uranium 
production was solely by bacterial leaching. Limited yttrium 
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TABLE 2.8 
WATER QUALITY DATA - CROTCH LAKE 
Chemical Results* 



PARAMETER 


1966-67 


1967-68 


1968-69 


Diss, solids 


433 


312 


238 


Susp. solids 


7.9 


3.4 


6.3 


Phosphorus Total 


0.02 


0.04 


0.08 


Nitrogen Total 


3.3 


2.6 


1.5 


Hardness 


263 


193 


138 


Sulphates 


252 


172 


155 


Iron 


1.0 


1.0 


2.5 


Manganese 


0.6 


0.8 


0.8 


Acidity 


10.6 


24.7 


23.2 


Alkalinity 


2.9 


0.4 


1. 3 


Chlorides 


4 


5 


8 


P H 


5.2 


4.4 


4.1 



* Note - all units in mg/1 except pH 



Radiological Results 



** 



Ra-226 


147 


148 


128 


Gross a Diss. 


210 


377 


318 


Gross a Undiss. 


7 


7 


6 


Gross 3 Diss. 


210 


408 


325 


Gross 6 Undiss. 


8 


6 


7 


U-238 


24 


16 


21 



** Note - all units in pCi/1 except U-238 - ug/1 
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production was carried out in 1966-67. The company suspended 
all operations in the summer of 1970 when the uranium contracts 
expired. 

ii) Waste Disposal 

Durinq the period of conventional mining operations , 
at Stanrock Mine, tailings were discharged to the area south 
of the mill. Dams were constructed at the north and south ends 
to confine the tailings solids. The main decant from the area 
discharged southward into a chain of lakes which were connected 
to the Pecors Lake sub-basin. However, due to porosity of the 
tailings dams and the geographical location of the tailings area, 
seepage also gained access to Quirke Lake. Initially, the barren 
effluent from the ion exchange columns was neutralized and treated 
with barium chloride prior to discharge. However, in 1968-69, 
the practice was to return the barren solution back into the mine 
resulting in virtual elimination of mill effluent to the tailings 
area. The tailings area, however, continues to discharge large 
volumes of highly contaminated seepage. 

iii) Waste Input into Serpent River Basin 

The total loadings from this source are listed in 
Table 2.2. In addition to the material reported, significant 
quantities of toxic compounds such as heavy metals and rare earth 
elements were also discharged from this mine. These were contained 
in the tailings decant overflow and seepage. The main metals of 
concern were copper, zinc, cobalt, nickel, manganese and iron. 
Further information on these was presented in the detailed report 
on this mine (OWRC, 1969). 

The radiological loadings from this source included 
undesirable quantities of several isotopes such as Ra-226, Ra-228, 
thorium 230 and thorium 232. As a result, the gross alpha and beta 
loadings from this source were very high (OWRC, 1969). Owing to 
limited flow data, seasonal variation of the loadings from this 
source were not examined at this time. 



iv) Comments 

The main concerns with the Stanrock tailings area were 
the extremely poor quality of the effluent and the questionable 
structural stability of the retaining dams. The latter problem 
has resulted in the discharge (on two known occasions) of large 
volumes of highly contaminated wastes into Quirke Lake and into 
the Pecors Lake system. 
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While Ra-226 was present in undesirable quantities, 
the main problems with the continuous waste discharges were 
extremely poor chemical and radiological characteristics, 
especially low pH , high iron, sulphate and heavy metal concen- 
trations. High gross alpha and beta activities resulted from 
the presence of various radioisotopes. 

The wastes from the Stanrock property have been 
described as being solely responsible for the "serious impair- 
ment" of three lakes in the district and for the "partial 
impairment" of four other lakes (OWRC , 1969). 

It is estimated that the acidic conditions in and 
around the tailings area will persist for decades, thus empha- 
sizing the need for effective long-term controls to overcome 
the problem. 

Since waste treatment practices at this mining operation 
have been unsatisfactory, it is imperative that the company 
institute waste control measures to assure the maintenance of 
acceptable water quality conditions in the vicinity of its 
operations. These measures should include construction of 
suitable waste treatment facilities, diversion of all waste 
streams to a central collection point, complete chemical treat- 
ment of all wastes and adequate maintenance of tailings dam 
structures. 



2.2 BANCROFT AREA 

2.2.1 Canfed Resources Ltd. - Faraday Twp. 

i) General 

This company was formerly known as Metal Mines, Faraday 
Division. Actual mining operations ceased in 1964 after which 
time the mine was allowed to flood. In 1967, Federal Resources 
Corporation of Utah acquired the majority ownership of the property 
under an agreement whereby it would conduct an extensive development 
program to determine proven reserves of uranium. 

Mine dewatering was begun in July, 19 67, and completed 
by the end of the year. Development work was undertaken during 
the following two years (196 8-69) and this indicated the proven 
ore reserves could sustain operations from four to five years. 
Some ore was mined during the development and is currently being 
stored underground. It should be noted, however, that at least 
one year would be required to place the mill into working order 
once a decision was reached to resume operations. 
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ii) Waste Disposal 

During the operation of the mine, the mill tailings 
were discharged to the tailings area east of the mill. Decant 
drained into Bentley Creek which flows into Bow Lake. 

During the dewatering operations , the mine water 
which contained Ra-226 levels of about 125 pCi/1 was treated 
effectively with barium chloride in an OWRC approved system 
prior to discharge to the tailings area. 

iii) Waste Input into Upper Crowe River Basin 

Summaries of radiological and chemical data for Bentley 
Creek immediately below the Faraday tailings area are presented 
in Table 2.9. The gross alpha and beta activities and U-238 
levels in this creek increased during the second year of the 
survey (1967-68). Similar increases were also noted during the 
last two years of the survey in dissolved solids, sulphates and 
hardness. 

The changes in concentrations were reflected directly 
in the loadings from this source (Table 2.10). The main increases 
occurred in the loadings of gross alpha and beta activities during 
the second year of the survey. 

iv) Comments 

The above mentioned changes in the radiological and 
chemical qualities were caused by the dewatering operations which 
resulted in small amount of overflow into Bentley Creek. In 
future, the quality of the tailings effluent is not expected to 
change significantly unless the mine is reactivated or physical 
changes are made to the tailings area itself. 

The existing tailings area has sufficient reserve capacity 
to accommodate the mill's tailings for one to two years operation. 
Because of the present uncertainty of the company's future plans 
for operation of the property, very little thought nas been given 
to long-term tailing containment. 



2.2.2 Macassa Gold Mines Ltd. - Bicroft Division 

i) General 
This mine has been inactive since 196 3. 
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TABLE 2.9 
WATER QUALITY DATA - BENTLEY CREEK 
Chemical Results* 



PARAMETER 




1966-67 


1967-68 


1968-69 


Diss, soli 


3 s 


358 


444 


511 


Susp. soli 


is 


6 


4 


5 


Phosphorus 


Total 


0.03 


0.10 


0.06 


Nitrogen Total 


0.38 


0.82 


0.54 


Hardness 




231 


303 


369 


Sulphates 




153 


196 


223 


Iron 




0.46 


0.42 


0.47 


Manganese 




0.19 


0.10 


0.09 


Acidity 




4 


7 


3 


Alkalinity 




40 


83 


48 


Chlorides 




24 


22 


29 


pH 




7.5 


7.2 


7.5 



* Note - all units in mg/1 except pH 



Radiological Results** 



Ra-226 Diss. 
Gross a Diss. 
Gross a Undiss. 
Gross 3 Diss. 
Gross 3 Undiss. 
U-238 



** Note - all units in pCi/1 except U-238 - yg/1 



5.2 


5.3 


6.5 


20 


64 


55 


2 


5 


8 


27 


58 


40 


4 


31 


23 


23 


92 


80 
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TABLE 2.10 
WASTE LOADINGS INTO THE UPPER CROWE RIVER BASIN 



a) 



Radiological - microcuries per day 



SOURCE 


YEAR 


RA-226 


GROSS ALPHA 


GROSS BETA 


Faraday 


1966-67 


91 


1,000 


600 




1967-68 


145 


1,630 


2,600 




1968-69 


125 


1,120 


1,000 




Average 


120 


1,250 


1,400 


Bicrof t 


1966-67 


168 


462 


960 




1967-68 


204 


648 


1,200 




1968-69 


192 


714 


800 




Average 


190 


610 


990 



b) Chemical - pounds per day 

SOURCE YEAR 

Faraday 1966-67 

1967-68 
1968-69 
Average 

Bicroft 1966-67 

1967-68 
1968-69 
Average 



DISSOLVED 


TOTAL 




SOLIDS 


NITROGEN 


SULPHATES 


10,400 


28 


5,200 


17,300 


28 


7,900 


11,300 


18 


7,800 


13,000 


25 


6,970 


9,200 


68 


4,200 


12,400 


80 


5,70 


13,900 


52 


5,000 


11,800 


67 


4,970 



IRON 

9 
16 

19 
15 

46 
94 
48 
63 



47 



ii) Waste Disposal 

Mill tailings from this operation were directed to 
the Auger Lake disposal area located northwest of the mill. 
The area was dammed at both north and south ends and decanted 
from the south end into Deer Creek which subsequently flows 
into Inlet Bay of Paudash Lake. 

iii) Waste Input 

The radiological quality of Deer Creek remained 
almost uniform while further impairment in the chemical quality 
especially dissolved solids, hardness and sulphates occurred 
during the last year of the study (Table 2.11). The loadings 
from this source, however, remained relatively uniform through 
the study period (Table 2.10). 



iv) Comments 

During the survey, the water level in the tailings 
area was fairly high due to blockage of the decant structure 
at the south end of the tailings area. This could cause a 
failure of the tailings dam resulting in discharge of tailings 
into Deer Creek which would have a marked effect on Inlet Bay of 
Paudash Lake. Improvements are, therefore, needed in the decant 
structure to prevent this from happening and to maintain a lower 
water level in the tailings area. 



2.2.3 Canadian Dyno Mines Ltd. 

i) General 
This mine terminated operations in 1960. 

ii) Waste Disposal 

During the operation of the mine, mill tailings were 
pumped to the valley leading into Farrel Lake. Dams were 
constructed at both ends of the valley to confine the tailings, 
and these appear to be very stable and capable of providing safe, 
long-term containment. 

iii) Waste Input 

The data collected for Farrel Creek below the Dyno 
tailings area (Table 2.12) indicated only slight changes in the 
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TABLE 2.11 
WATER QUALITY DATA - DEER CREEK 
Chemical Results* 



PARAMETER 


1966-67 


1967-68 


1968-69 


Diss, solids 


81 


72 


120 


Susp. solids 


4 


9 


4 


Phosphorus Total 


0.02 


0.08 


0.06 


Nitrogen Total 


0.44 


0.62 


0.39 


Hardness 


50 


40 


67 


Sulphates 


40 


30 


47 


Iron 


0.32 


0.82 


0.41 


Manganese 


0.21 


0.12 


0.27 


Acidity 


2 


7 


4 


Alkalinity 


13 


18 


9 


Chlorides 


3 


4 


12 


pH 


7.2 


7.2 


7.5 



Note - all units in mg/1 except pH 



Radiological Results** 



Ra-226 Diss. 


3.9 


2.5 


4.5 


Gross a Diss. 


10 


8 


12 


Gross a Undiss. 


2 


3 


3 


Gross 8 Diss. 


17 


16 


16 


Gross 6 Undiss. 


2 


3 


3 


U-238 


<10 


<10 


<10 



** Note - all units in pCi/1 except U-238 - yg/1 
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TABLE 2.12 
WATER QUALITY DATA - FARREL CREEK 
Chemical Results* 



PARAMETER 




1966-67 


1967-68 


1968-69 


Diss. soli< 


is 


250 


177 


216 


Susp. soli 


is 


6 


5 


6 


Phosphorus 


Total 


0.02 


0.15 


0.06 


Nitrogen Ti 


3tal 


0.38 


0.66 


0.51 


Hardness 




146 


112 


138 


Sulphates 




124 


90 


115 


Iron 




1.14 


0.91 


0.68 


Manganese 




0.84 


0.56 


0.53 


Acidity 




5 


11 


6 


Alkalinity 




15 


12 


26 


Chlorides 




9 


10 


7 


pH 




6.6 


6.8 


7.3 



* Note - all units in mg/1 except pH 



Radiological Results** 



Ra-226 Diss. 


13 


13 


10 


Gross a Diss. 


16 


13 


10 


Gross a Undiss. 


4 


9 


11 


Gross 8 Diss. 


24 


33 


32 


Gross 8 Undiss. 


4 


8 


7 


U-238 


<10 


<10 


<10 



** Note - all units in pCi/1 except U-238 - yg/1 
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radiological and chemical qualities of the effluent during 
the study period. Due to lack of flow data, the waste loadings 
from this source could not be determined. However, these were 
estimated to be lower than those from the other two mines in 
the Bancroft area. 



iv) Comments 

The dams appear to be stable and the quality of the 
effluent is relatively satisfactory. 
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CHAPTER 3 



ENVIRONMENTAL STUDIES 



3. ENVIRONMENTAL STUDIES 



This chapter describes the general procedures and 
detailed findings of the water quality and biological surveys 
of the two areas. These studies were carried out from May 
1966 to July 1969, by field staff stationed in the Elliot Lake 
area where the heavier work load existed. The same personnel 
also carried out the field studies in the Bancroft area. 



3.1 FIELD INVESTIGATIONS AND METHODS 
3.1.1 Water Quality 

Sixty-three water sampling stations were established 
in the Elliot Lake area and twenty in the Bancroft area. The 
station locations, shown on Figures 1.1 and 1.4, were chosen to 
include all waste sources, immediate receiving streams, down- 
stream lakes and upstream control lakes, in an effort to provide 
the necessary information for assessing the existing and possible 
future extent of the problem. At the start of the program in 
May 1966, an intensive sampling program consisting of weekly 
composite samples, limited to radiological analyses for Ra-226, 
U-238, gross alpha and gross beta activities in both dissolved 
and suspended forms, was carried out in the Elliot Lake area. 
A similar program was carried out in the Bancroft area in July. 
Subsequently, radiological samples from all stream stations were 
collected weekly and composited monthly while all lake stations 
were sampled once a month. 

Samples for chemical analysis from both stream and 
lake stations were collected once a month. These were analyzed 
for the following parameters: total solids, suspended solids, 
total phosphates, dissolved phosphates, ammonia, total kjeldahl, 
nitrite, nitrate, hardness, alkalinity, acidity, pH, sulphates, 
iron, chlorides and manganese. Occasionally, samples were also 
collected for heavy metal analysis. 

The water quality evaluation was complemented by the 
collection (using an Eckman dredge) of bottom sediments from all 
lake stations and some of the stream stations close to the 
tailings areas during the summers of 1966 and 1967. This was 
followed by an intensive core sampling program in areas which 
showed significant radioactivity in the dredge samples. The core 
samples were collected during the winter of 1967, late summer of 
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1967, and late winter of 1968, using a piston type core sampler 
(built by the OWRC ) . These were analyzed by horizon (analyzed 
in layers) to define the depth of the radioactive deposits. 

Flow measurement stations were established wherever 
possible to evaluate the pollutants on a quantitative basis as 
well as to formulate mathematical models for prediction purposes. 

After one year, the locations of all sampling stations 
were reviewed. At that time, 10 stations from the Elliot Lake 
area and 8 from the Bancroft area were deleted while two additions 
were made to the former and one to the latter area. 

3.1.2 Biology 

Biological investigations were carried out to clarify 
the effects of pollution from the uranium mining industry on 
biotic production and the structure of aquatic communities. 
During the study, it was necessary to: 

(1) determine if significant differences in 
productivity existed between polluted 
and reference waters; 

(2) evaluate the impact of these observed 
differences on the biological community, 
including the population dynamics of fish; 

(3) differentiate the components of the waste 
which are responsible for any observed 
changes and; 

(4) determine the levels of radionuclides in 
the biota, the significance of the concen- 
trations and the validity of using selected 
taxa of biota to monitor radioactive pollution 
in Ontario by examining the uptake of radio- 
nuclides by aquatic organisms. 

The following paragraphs indicate the general areas 
of investigation. 

Primary production and the standing crops of phytoplankton 
were investigated in Dunlop, Quirke, and Pecors lakes in 1965, 1966 
and 1967, and were reported by Johnson, Michalski and Christie. 
The abundance of chlorophyll a (a further index of productivity) 
and zooplankton were investigated in 1968 in the following lakes: 
Dunlop, Quirke, Teasdale, Pecors and Whiskey. 
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Assessments of the rate and nature of phytoplankton 
production are essential since phytoplankton form the basis of 
the complex aquatic food web by which all life is sustained in 
water. The zooplankton includes numerous species of minute 
animal life, principally microcrustaceans , which feed on algae 
and which, in turn, nourish minnows, the young of game fish and 
important species such as whitefish and herring. 

Bottom fauna, also important to fish production, were 
investigated at 20 stream stations and 24 lake stations on the 
Serpent River watershed in 1966, 1967 and 1968, and at 14 stream 
and 20 lake stations in the Crowe River watershed in 1966 and 
1968. 

Fish populations were sampled intensively in the Elliot 
Lake area to establish possible relationships with other biological 
parameters and with water quality alterations. Fish sampling for 
the same purpose in the Crowe River basin was carried out by the 
Ontario Department of Lands and Forests. 

Figures 1.1 and 1.4 show the sampling stations utilized 
during the survey. 



a) Zooplankton and Chlorophyll a 

Zooplankton and chlorophyll a samples were collected in 
1968 at two stations on each of Dunlop, Quirke, Whiskey and Pecors 
lakes in late May and in the aforementioned lakes and Teasdale 
Lake in mid-August. 

To obtain samples, a one-half horsepower gasoline 
engine was used to drive a low capacity centrifugal force water 
pump. Water was pumped from specific depths. The pumping rate 
was checked with each run and found to be two gallons per minute. 
Since the pumping head was constant, no measurable difference in 
efficiency with depth was noted. 

Zooplankton samples were pumped through a plankton net 
of #20 bolting silk and the 'net' plankton was retained in a 
bucket filled to the end of the net. During the operation, the 
plankton net was kept partially submerged in the water to prevent 
plankton from being squeezed out by an excessive internal head of 
water. Water was strained in this manner for time intervals after 
which the net plankton was transferred to 1 oz. vials and preserved 
in 10 percent formalin. 
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In the laboratory, the plankton samples were 
settled in conical 1 5-ml graduated centrifuge tubes and the 
volume of the supernatant was adjusted to provide approximately 
100 organisms per millilitre, a modification of the technique 
suggested by Frolander. The sample was mixed and the volume 
recorded. A 1-ml aliquot was transferred to a Sedgwick-Raf ter 
cell by means of a wide-mouthed pipette. It was found that 
reasonable precision could be obtained with a compound micro- 
scope if four strips were counted under 100X. This represented 
25 percent of the volume of the Sedgwick-Raf ter cell. Only 
zooplankters were enumerated in the sample and two samples were 
counted from each centrifuge tube. The results were converted 
to numbers per 100 litres. By evaluating the area under the 
curve in a graphical representation of the number of organisms 
as a function of depth, the mean number of organisms per litre 
for the column at the various stations was calculated. 

Chlorophyll a samples were collected at the same time 
and depth with the same pump. The samples were collected in 
large volume glass containers and returned to the laboratory. 
The samples were mixed and 1,000 to 1,500 millilitre amounts 
were filtered through 0.4 5-micron millipore filter paper with 
the aid of a vacuum. The filter samples were kept refrigerated 
and submitted to the chemistry laboratory for spectrophotometric 
analyses of chlorophyll a content according to the method outlined 
by Brydges. 

The results were expressed in micrograms of chlorophyll 
a per litre. Graphs similar to those of the zooplankton were 
prepared for each vertical series to obtain the mean concentration 
of chlorophyll a per litre for a station. These values appear on 
the bar graph in Figure 3.15 of the text. 

Physicochemical data for the lake stations were collected 
at the same time including pH , secchi disc and temperature profiles. 
A summary of these data are presented graphically in Figure 3.16 
of the text. 



b) Stream Fauna Biota 

Stream stations were selected at intervals on the 
Serpent River drainage basin and the Crowe River drainage basin 
as shown in Figures 1 . 1 and 1.4. 

Emphasis was placed on selecting uniform habitat so 
that all stations were located in shallow rapid-flow areas. 
Biological data were collected on two to three occasions during 
open water periods in 1966, 1967 and 1968 in the Elliot Lake area 
and on two occasions in 1966 and 1968 in the Bancroft area. In 
1966, sampling was done with hand sieves for approximately fifteen 
minutes . 
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In 196 7 and 1968, the stations were sampled with a 
Surber sampler. This sampler permits the sampling of one 
square foot of bottom. A frame 12-inches by 12-inches was 
placed on the stream bottom and the material within the frame 
was stirred, washed and retained within the fine mesh screen 
downstream from the frame. The Surber samples were supported 
by qualitative sampling with hand sieves. The collections were 
placed in 70 percent alcohol for identification at the field 
laboratory in Elliot Lake. The collections and the results of 
the identification and enumeration of stream fauna samples are 
on file in the Biology Branch, OWRC . Selected taxa from the 
collections were submitted to the Radiation Protection Laboratories 
of the Ontario Department of Health for radiological analyses. 

c) Index of Diversity 

Aquatic life responds to induced changes in water 
quality (pollution) in a predictable fashion. An unpolluted 
stream will be abundant in different kinds (taxa) of organisms 
and each taxum will be represented by relatively few individuals. 
The biological terminology for this is 'community diversity'. 
The introduction of pollution alters the environment and some of 
the taxa are eliminated. The number of individuals in the remaining 
taxa sometimes increases. As diversity decreases the environment 
is becoming more specialized (polluted) . The taxa which are first 
eliminated by pollution are termed 'clean water' or 'pollution 
intolerant' species. The taxa which are eliminated by moderate 
pollution are referred to as facultative and the taxa which remain 
under relatively severe pollution are regarded as pollution 
tolerant. 

Margelef's Index ID = M-l/ln N, was used to provide a 
mathematical interpretation of the diversity of the aquatic 
invertebrate community where M is the number of species and N is 
the number of individuals. The value increases with increasing 
diversity. Margelef's Index, however, does not account for the 
relative interruptive value of various species and obviously a 
community with pollution intolerant forms is more indicative of 
a 'clean condition' than one dominated by pollution tolerant 
species . 

By empirically examining the bottom fauna data, it was 
observed that the clean water taxa included immature mayflies; 
stoneflies, dragonflies and molluscs. Any stations showing clean 
water taxa were given a weight factor of '3' which was multiplied 
by the Margelef index value to provide the weighted index of 
diversity. Any station which did not show clean water taxa but 
did contain facultative taxa was assigned the value of '2'. The 
facultative taxa included caddisfly larvae. Stations which did 
not contain facultative taxa or clean water taxa were assigned a 
weight factor of '1'. 
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With only a few exceptions, the community diversities 
did not change significantly from year to year. Therefore, the 
weighted index of diversity was averaged for all years of the 
study. The mean weighted index (MWI) appears in Table 3.8 of the 
text . 

d) Lake Bottom Fauna 

The lake bottom fauna were studied in the Serpent River 
basin in 1966 and 1967 and in the Bancroft area in 1966 and 1968. 
The sampling stations are shown on Figures 1.1 and 1.4. 

Four or five areas were selected proximal to each station 
and sampling was arranged to cover shallow and deep water areas. 
The bottom was sampled with a Peterson (1966) or a Ponar dredge (1967 
and 1968) . Both dredges operate on the same principle. The 
dredge is lowered to the bottom in an open position. The weight 
of the dredge releases a pawl when the jaws are in the bottom mud. 
As the dredge is pulled to surface, the jaws close and retain a 
section of the bottom equal to approximately 3/4 square feet. The 
Ponar dredge has a screen top which reduces the pressure head and 
thus the disturbance of the bottom. A small increase was noted in 
the number of organisms taken with the Ponar dredge but the species 
composition did not change appreciably. 

The sample of bottom mud was placed in a 20-mesh-to-the- 
inch box screen, a small portion was removed and frozen for radio- 
logical analysis. The sediments were classified and sieved and the 
organisms retained by the screen were collected and preserved in 
70 percent ethanol for identification at the field laboratory in 
Elliot Lake. 

Bottom fauna from additional dredgings were preserved 
in 10 percent formalin and submitted to the Ontario Department of 
Health for radiological analysis. 

e) Fish Populations 

Fish were collected in 1966, 1967 and 1968 from various 
lakes in the Serpent River system. Additional information was 
provided by the Ontario Department of Lands and Forests. Standard 
gangs of test gill nets were used in all sets. Each gang consisted 
of 100 foot lengths of different mesh sizes varying from one-half 
to five inches. Table 3.1 summarizes the total net sets employed 
during the survey. 
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TABLE 3.1 

SUMMARY OF NET SETS EMPLOYED DURING BIOLOGICAL SURVEY 
OF THE SERPENT RIVER BASIN 



DAY FEET* 


WATER 


12,500 


Quirke Lake 


2,700 


Pecors Lake 


150 


Camp Lake 


600 


Depot Lake 


600 


Elliot Lake 


600 


Dunlop Lake 


600 


Whiskey Lake 


300 


Serpent Harbour 


11,000 


Quirke Lake 


6,900 


Quirke Lake 


6,000 


Pecors Lake 


8,400 


Teasdale Lake 


10,700 


Whiskey Lake 



DATE 

26-31/8/66 

28-30/9/66 

8-9/10/66 

10-11/10/66 

11-12/10/66 

19-20/10/66 

17-18/10/66 

24-25/10/66 

12-30/10/67 

4-8/8/68 

25-7/8/68 

7-14/8/68 

1-23/10/68 

* Length of set multiplied by number of 24-hour periods 
finished. 

Data were collected from all fish caught including 
length, weight, scale samples, sex, condition of gonads and 
stomach content for lake trout, whitefish and walleye. For 
freshwater herring and suckers only total weight per set was 
recorded in most instances. 

Samples of fish were sent to the Ontario Department 
of Health for radiological analyses. 



f) Fish Condition 

Fish condition has been expressed by many variations 
of the cube law equation W = K L 3 where W is weight, K is the 
coefficient of condition and L is length (Lagler, K.F.). The 
equation K = W/L 3 was used and converted to the logarithmic form 
log K = log W - 3 log L for computation. 



g) Radioactivity 

Measurements of radioactivity were made in selected 
taxa of the aquatic biota including fish, crayfish, clams, fila- 
mentous algae, worms, immature caddisflies and midges. The 
measurements included gross alpha, gross beta, radium and uranium 
activity. 
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In the early stage of the program, biological field 
samples were frozen, and later thawed to enable the identifi- 
cations to be made. Selected taxa were re-frozen and submitted 
to the Department of Health for radiological analyses. The 
method proved to be unsuitable for organisms such as sludgeworms 
and midges and subsequently samples of such taxa were preserved 
in 10 percent formalin. Samples of large taxa, such as fish 
and clams, were frozen and kept in this state until radiological 
analyses were performed. 

Fish were divided into two samples: a 'wholefish' 
sample which was a cross-section of fish anterior to the dorsal 
fin and a 'fillet' sample which was a boneless sample from the 
side of the fish near the caudal end. Fillet samples of walleye, 
bass and northern pike were skinned and whitefish were scaled, 
while lake trout were neither skinned nor scaled. It was felt 
that the fillet samples represented the fish as they would be 
prepared for domestic consumption. Thus, the measurements in 
Table 3.12 of the text represent the concentration of radio- 
activity for edible portions of fish. 

Figures 3.20 to 3.26 summarize the concentrations for 
selected taxa in the Serpent River and Crowe River watersheds. 
The measurements were made to determine if biological material 
was valuable as a tool to monitor radiological pollution and to 
ascertain the concentrations in living tissue. 



3.2 FINDINGS OF ENVIRONMENTAL STUDIES 

3.2.1 Water Quality - Elliot Lake Area 
Serpent River Basin 

a) Control Lake 

The Serpent River system is affected by the mining 
wastes for about 65 miles starting from Stollery Lake to its 
mouth at Serpent Harbour, an inlet of the North Channel of Lake 
Huron. 

Since Dunlop Lake is the first major lake upstream 
from the mining industry, its water quality was considered to be 
representative of the condition of waters in the basin prior to 
contamination by the uranium mining industry. Summaries of radio- 
logical and chemical data for Dunlop Lake are presented in Figures 
3.2 and 3.3, respectively, along with data for the Quirke Lake 
basin. 
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For discussion purposes, the rest of the basin is 
divided into four sub-basins, namely Quirke Lake, Pecors Lake, 
Elliot Lake, and Lower Serpent River basin. The total drainage 
area of the basin covers 521 square miles. The detailed findings 
are presented under the headings of these basins. 

b) Quirke Lake Basin 

Quirke Lake basin, which includes Quirke and Whiskey 
lakes, is the first and largest sub-basin affected by the wastes 
from the uranium mining industry. Quirke Lake occupies an area 
of about 8.4 square miles, and is very deep in sections. Since 
the lake itself overlies one of the richest sections of the ore 
body, six of the eleven mines which operated in the area were 
located around it. 

Whiskey Lake, the second major lake affected by the 
wastes from the mining industry, occupies an area of 3.8 square 
miles, and is much shallower than Quirke Lake. It receives the 
outflow from Quirke Lake via the Serpent River. In addition to 
this flow, the lake receives the outflows of several uncontaminated 
lakes in the surrounding area. 

In the early days of mining activity, Quirke Lake was 
used for both drinking water supply and waste disposal by the 
surrounding mines. Denison, Stanrock, Can-Met and Panel mines 
discharged their mine waters directly into this lake. In addition, 
it received effluents from Denison, Spanish, American, and Quirke 
mine tailings areas via Serpent River, and from Panel Mine via 
Rochester Creek. Since the various wastewaters were untreated 
at that time, Quirke Lake soon became one of the most severely 
polluted lakes in the Serpent River basin. The Ra-226 levels in 
Quirke Lake for the period 1958-1970 are depicted in Figure 3.1. 

During the survey, the main input of wastes was provided 
by Denison and Quirke mines, the two remaining active mines around 
the lake. Other waste sources included runoff from abandoned Panel 
mine tailings areas at Strike Lake and seepage from the west end of 
Stanrock mine tailings area as discussed in the previous chapter. 

i) Water Quality 

The radiological results (Figure 3.2) show that from 
1966 to 1969, the Ra-226 concentrations in the inflowing streams, 
Serpent River and Rochester Creek, were lower than in Quirke Lake 
itself. However, the chemical quality of Serpent River near the 
inlet was worse with the exception of pH. The concentrations of 
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FIGURE-3; I 
RADIUM-226 LEVELS IN OUIRKE LAKE 
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FIGURE-3 = 2 
RADIOLOGICAL WATER QUALITY - QUIRKE LAKE BASIN 
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dissolved solids, sulphates and nitrogen (including ammonia 
which will be discussed later) in Serpent River near inlet to 
Quirke Lake, increased by almost 50 percent after the re-opening 
of Quirke mine in 1968. 

The effects of these inflows were reflected directly 
in Quirke and Whiskey lakes where the average dissolved Ra-226 
levels decreased by about 2 5 percent during the study period. 
The concentrations at the end of the survey were about 4 to 50 
times the background level. Similar improvements were also 
detected in the dissolved gross beta and alpha activities, 
although undissolved alpha and beta activities increased almost 
two-fold. 

The chemical characteristics of Quirke and Whiskey 
lakes showed approximate 5 to 7 and 4 to 5 fold increases , 
respectively, over background levels of dissolved solids, 
sulphates, hardness, and nitrogen (Figure 3.3). The low pH of 
these lakes (pH 5.5 in Quirke and 5.8 in Whiskey Lake in 1968-69) 
was another significant change, and perhaps the most critical one 
in its effect on the aquatic life in the lake. During the study, 
the overall chemical quality of Quirke Lake deteriorated slightly 
accompanied by continuing decrease in pH and increase in iron 
concentration, although the discharges from the operating mines 
were neutralized. Similar changes were noted in Whiskey Lake 
except with dissolved solids concentration which decreased 
slightly. 

ii) Comments 

The improvements in the Ra-226 levels in the Quirke 
and Whiskey lakes are attributed to the decline in mining activity 
and improvements by the operating mines in their waste disposal 
practices such as the use of barium chloride for radium removal, 
re-use of process water, and the elimination of direct discharge 
of mine water into the lake. In addition, the heavy precipitation 
during the 1967 water year affected the concentrations of the 
pollutants, especially in Whiskey Lake since it does not receive 
any direct waste discharges. 

In future, the Ra-226 level in Quirke Lake is expected 
to decrease further since the barium chloride treatment is now 
used effectively by both operating mines. Since Whiskey Lake is 
located downstream from Quirke, its condition is expected to 
follow that of Quirke. 

Calculations , made to estimate the future Ra-226 
concentrations in Quirke Lake {summarized in Table 3.3), indicate 
that it will take at least 7 to 8 years to reduce the radium 
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concentration to 10 pCi/1 if the radium input measured during 
the study were continued. It was also estimated that it would 
take until the year 1976 to reduce the Ra-226 level in Quirke 
Lake down to 3 pCi/1 , the proposed water quality standard, if 
the radium loading were eliminated completely. These figures, 
although first order estimates only, illustrate the magnitude 
of the problem. 



TABLE 3 . 2 
ESTIMATE OF RA-226 LEVELS IN QUIRKE LAKE 



YEAR 



RA-226 CONCENTRATION (pCi/1) 

Measured Estimated 



1966 

19 6 7 

1968 

1969 

1970 

1976* 

1976** 



27 
23 
21 
19 
17 



21 
20 
18 
17 
10 
3 



* Assuming radium input remains at the same level as measured 
during the survey period. 

** Assuming no radium input. 
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further deterioration in the chemical quality of 

was due to increased loading of chemical pollutants 
pening of Quirke Mine. The decrease in the pH values 

and Whiskey lakes indicated that the neutralization 
s at the mill as practiced during the study was not 
olution to the acidity problem in the downstream 
deration should, therefore, be given to improvements 

methods of waste treatment since the overall chemical 
s basin can be expected to deteriorate further unless 

measures are developed. 



c) Pecors Lake Basin 

Pecors Lake basin is located directly east of the munici- 
pality of Elliot Lake. The drainage area of the basin is approxi- 
mately 48 square miles and contains Crotch, McCabe , Half Moon, May, 
Hough and Pecors lakes. 

Stanrock and Milliken-Stanleigh tailings areas as well 
as the outflow from Whiskey Lake were the main waste inputs into 
the Pecors Lake basin. The Stanrock area discharged through Half 
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Moon Lake into the northwest end of May Lake. May Lake also 
received the runoff (via McCabe Lake) from the Milliken-Stanleigh 
tailings area contained in the west leg of Crotch Lake. Outflow 
from May Lake passes southward through Hough Lake and two smaller 
lakes into the west end of Pecors Lake. The east end of Pecors 
Lake receives the outflow from Whiskey Lake via the Serpent River. 

i) Water Quality 

May and McCabe Lakes 

Summaries of radiological and chemical data for the 
sampling stations in the Pecors Lake basin are presented in 
Figures 3.4 and 3.5, respectively. 

As shown by the data, the discharges from Stanrock and 
Crotch Lake tailings areas (discussed in Appendix B) , have 
seriously deteriorated the water quality of May and McCabe lakes, 
making them two of the more severely polluted lakes in the Serpent 
River basin. Over the period 1967 to 1969, the pH in these lakes 
decreased by more than 1 pH unit although their overall chemical 
characteristics improved significantly. For example, by 1969, 
the dissolved solids, sulphates, hardness and nitrogen concen- 
trations were about 30 to 50 percent lower than the 1966 levels. 

The Ra-226 concentrations in McCabe Lake fluctuated 
slightly, while both dissolved and undissolved gross alpha and 
beta activities increased over the three years. 

In May Lake, the Ra-226 concentrations decreased from 
60 pCi/1 in 1967 to 44 pCi/1 in 1969, while both dissolved and 
undissolved gross alpha and beta activities increased by almost 
50 percent. 

Although the above mentioned changes indicated certain 
significant improvements, the conditions of these lakes at the end 
of the study still showed an approximate 8 to 10 fold increase 
over background levels in dissolved solids and hardness, and a 10 
to 20 fold increase over background sulphate concentrations. 
Their radiological quality showed an approximate 100 to 200 fold 
increase in Ra-226 and dissolved gross alpha and beta activities 
over background levels. The Ra-226 levels were also 15 to 30 
times the proposed water quality standard of 3 pCi/1. 

- Pecors Lake 

The improvements noted in May Lake were parallelled in 
the west end and central section of Pecors Lake. The most signifi- 
cant changes included decreases in dissolved solids, sulphates, 
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FIGURE- 34 
RADIOLOGICAL WATER QUALITY - PECORS LAKE BASIN 
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FIGURE - 3=5 
CHEMICAL WATER QUALITY - PECORS LAKE BASIN 
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hardness and radium concentrations. However, here again as 
in May Lake, the pll continued to decrease and averaged about 
5.3 in 1969. Increases in the dissolved gross and alpha 
activities which occurred in May Lake were not noted in Pecors 

Lake. 

The condition of the east end of the lake remained 
almost unchanged with the exception of Ra-226, which decreased 
from 24 pCi/1 in 1966 to 19 pCi/1 in 1969. 

By mid-1969, Pecors Lake (average for the whole lake) 
showed an approximate 6 to 8 fold increase over background levels 
in dissolved solids, hardness, sulphates and nitrogen. Radio- 
logical quality, on the other hand, indicated an approximate 
50 to 60 fold increase in Ra-226 and dissolved gross alpha activities 
over background levels, and a 6 to 8 fold increase over the proposed 
water quality standard for Ra-226. 

ii) Comments 

The improvements in the chemical quality of lakes in 
Pecors Lake basin were probably caused by the increased dilution 
which resulted from the heavy precipitation during the 1967 water 
year. Further improvement in this sub-basin will be directly 
dependent upon the waste discharges from Stanrock and Crotch lake 
tailings areas. Since these two tailings areas provide a large 
portion of the total radioactivity loading into the Serpent River 
Basin treatment of these sources should result in significant 
improvements in radiological quality. 

d) Elliot Lake Basin 

The Elliot Lake sub-basin forms a westerly branch to 
the main Serpent River channel. The drainage area of this sub-basin 
is approximately 90 square miles and it joins the main channel of 
the Serpent River at McCarthy Lake. 

In the early days of mining activity, this sub-basin was 
contaminated by the tailings effluent from Nordic Mine and surface 
runoffs from Milliken and Lacnor operations. The runoff from the 
latter two mines flowed along Sheriff Creek into Elliot Lake which 
has been used as a source of drinking water by the municipality 
since the commencement of development of the area. The effluent 
from the old tailings area at Nordic Mine passed through Westner 
and Home lakes into Sheriff Creek and finally into Elliot Lake. 
Although the old tailings area has not been used since about 1960, 
slight seepage into Westner Lake did occur but the main effluents 
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FIGURE - 3^6 
RADIOLOGICAL WATIP OUAL ITV - tV_l GT LAKE BASIN 
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FIGURE- 3 7 
CHEMICAL WATER QUALITY- ELLIOT LAKE BASIN 
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from the Nordic operations were discharged via Buckles Creek 
into Nordic Lake as discussed in Chapter 2. 

The contamination from Milliken and Lacnor has 
decreased considerably after the closing of these mines; however, 
the tailings spill in the swampy area northeast of Home Lake and 
below Milliken Mine did provide a significant input of radio- 
activity into Elliot Lake (Table 2.2), although Sheriff Creek has 
been diverted around the main spill area. 

i) Water Quality 

Elliot Lake - Sheriff Creek 

The wastes from the mines which discharged into Elliot 
Lake in the past presented a serious pollution threat to this 
water supply. By 1963-64, the Ra-226 in the lake had increased 
to 10 pCi/1. Also, dissolved solids, hardness, sulphates and 
nitrogen had increased to 2 to 3 times background levels. Since 
then, the waste input has been reduced by the closing of Milliken 
and Lacnor mines and diversion of Sheriff Creek around the tailings 
spill. Between 1966 and 1969, the average annual Ra-226 levels 
in Sheriff Creek ranged from 12 to 15 pCi/1. These indicate a 
substantial decrease from the earlier levels which at times were 
above 100 pCi/1. As a result, the Ra-226 level in Elliot Lake 
itself has decreased below the 3 pCi/1 level where it remained 
throughout the study (Figure 3.5). Although the Ra-226 concen- 
trations in Sheriff Creek were not very high, it was interesting 
to note that its radium input was ccmparable to the effluent from 
the Nordic Mine where the effluent was treated with barium chloride. 

The chemical quality of Elliot Lake at the time of the 
survey showed a 2 to 3 fold increase over background levels in 
dissolved solids, sulphates, hardness and nitrogen (Figure 3.6). 
Although these parameters showed some improvement by 1969, total 
iron increased from 1.4 mg/1 in 1966-67 to 6.3 mg/1 in 1968-69, 
while pH decreased from 7.1 to 6.3. 

Nordic Lake 

During the study period Ra-226 concentration in Nordic 
Lake decreased significantly, although the gross alpha and beta 
activities increased (Figures 3.6 and 3.7). Significant improve- 
ments were observed following the introduction of barium chloride 
treatment at the Nordic operations. 

The chemical quality of Nordic Lake showed it to be one 
of the most severely polluted lakes in the Serpent River Basin. 
The dissolved solids and sulphates concentrations for example 
showed 40 to 80 fold increases over background levels. Although 
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slight improvement was noted in the overall quality of this 
lake, the pH continued to decrease. 

Esten-Depot Lakes 

The radiological quality of Depot Lake remained 
relatively constant during the study period. In Esten Lake, 
Ra-226 concentration decreased from 3.8 pCi/1 in 1966-67 to 
2.6 pCi/1 in 1968-69 (Figure 3.6). This reduction brought 
the Ra-226 levels in all of the major lakes in the Elliot 
Lake sub-basin, except Nordic, within the proposed water quality 
standard. 

The chemical characteristics of Esten and Depot lakes 
showed 4 to 6 fold increases in dissolved solids, sulphates and 
hardness over background levels. Slight improvements were noted 
in some of these parameters during the study period (Figure 3.7). 

ii) Comments 

The improvements in the sub-basin were caused directly 
by the decreases in waste inputs. The closing of Milliken and 
Lacnor mills and the diversion of Sheriff Creek around the 
tailings spill substantially reduced the loading into Elliot Lake 
itself. The changes in production methods at Nordic and the 
introduction of barium chloride treatment have resulted in marked 
reductions in the concentrations of chemical pollutants (since 
1968) and Ra-226 in Buckles Creek and downstream Nordic and Esten 
lakes . 

In future, the condition of Elliot Lake is not expected 
to change significantly, but the decreasing pH and increasing 
iron concentration should be corrected. The condition of the 
remaining lakes in this sub-basin will be dependent on the 
activity of Nordic mine. Here again, the low pH condition should 
be corrected since the acid production in the Nordic tailings area 
and downstream lakes may continue. 

e) Lower Serpent River 

This sub-basin reaches from McCarthy Lake through 
Sneddon and Camp lakes to and including Serpent Harbour. 

The outflows from Pecors and Depot lakes, which both 
flow into McCarthy Lake, provided the main source of contami- 
nation to this sub-basin. The only direct waste discharge was 
the effluent from Pronto mine tailings area which drained 
directly into Serpent Harbour. 
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i) Water Quality 

Summaries of radiological and chemical data for this 
sub-basin are shown on Figures 3.8 and 3.9, respectively. The 
Ra-2 26 levels in the reach from the mouth of Serpent River to 
McCarthy Lake were 20 to 30 times background levels. Further 
downstream, near Spragge , the levels decreased to 8 to 10 times 
background. These levels show improvement from the conditions 
which existed from 1962 to 1965 when Ra-226 levels ranged from 
10 to 18 pCi/1 (Figure 3.10). 

The chemical quality in McCarthy Lake showed an 
approximate 5 to 7 fold increase over background levels of 
dissolved solids, sulphates, hardness and nitrogen. Further 
downstream at the mouth of Serpent River these levels had 
decreased to 3 to 5 times the background level. Significant 
improvement occurred in these parameters between the second and 
third year of the study. The decreases in pH which occurred 
in the upstream sections were not noted in this reach. 

ii) Comments 

The improvements in the quality of McCarthy Lake were 
caused by the improvements in the Pecors Lake and Elliot Lake 
sub-basins. The fluctuations in the Ra-226 concentration in the 
reach from Camp Lake to Serpent Harbour are attributed to the 
changes in the upstream conditions and the high flows which 
occurred during the second year of the study. Any changes which 
occurred upstream would be moderated by the large lakes which lie 
between this reach and the upstream waste discharges. 

In future, the water quality in this section will be 
dependent on the waste treatment practices at upstream mines. 
If radium removal treatment were introduced at all waste dis- 
charges, the levels in this reach would decrease significantly. 
However, due to the large size of the watershed, even with the 
best treatment, several years may be required before the effects 
would be felt in this section. 



3.2.2 Sediments - Elliot Lake Area 
Serpent River Basin 

i) Results 

Summaries of the radiological results for both dredge 
and core samples are presented in Table 3.3. Figures 3.11 and 
3.12 illustrate the relationship between Ra-226 and gross alpha 
and gross beta activities and distance in the main channel of the 
Serpent River basin from Quirke Lake to the Serpent Harbour. 
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FIGURE -3^8 
RADIOLOGICAL WATER QUALITY - LOWER SERPENT RIVER BASIN 
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FIGURE -3=9 
CHEMICAL WATER QUALITY LOWER SERPENT RIVER BASIN 
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FIGURE- 3= 10 
RADIUM-226 LEVELS IN SERPENT RIVER AT HIGHWAY 17 



a 



16 



(J 

a 

(C 

CM 10 



o 

at 



4 - 



2 - 



1958 



1999 



i960 



1961 



I 962 



i 



1983 



I 

I 



1904 






I96S 



^ 



J 



1*66 



1967 



1968 



f969 



1970 



YEAR 



80 



ii) Comments 

General 

The dredged sediment samples generally showed much 
higher levels of radioactivity than core samples. The results 
for both types of samples also varied widely from one set of 
samples to another. The wide variations were probably due to 
the differences in the sampling locations, variations in the 
sediment composition from one area to the next and seasonal 
changes in bottom sediments. Although no direct explanation 
could be made for the lower levels found in the core samples, 
a possible reason may have been the difference in the actual 
sample collected by the two methods. With the dredge, the soft 
and flocculent organic material usually found in the surface 
layers of lake bottoms would have been entrapped by the dredge, 
but not by the core sampler. This layer may have had higher 
levels of radioactivity than the inorganic matter such as sand 
and clay which were below it. The organic material was partly 
composed of aquatic plants and organisms which had been recycled 
through the water having thereby concentrated some of the dissolved 
radionuclides. The core sampler, on the other hand, would displace 
some of this flocculent layer and pass through without entrapping 
much of it. 

In general, the radioactivity in the lake bottom sedi- 
ments decreased with increasing distance from the waste sources. 
Although the relationship between Ra-226 in the sediments and 
distance was not as linear as with gross alpha and beta activities. 
A slight increase in Ra-226, as well as gross radioactivity, 
occurred in Pecors Lake due to the input of wastes from the Crotch 
Lake and Stanrock tailings areas. Another slight increase occurring 
at the mouth of the Serpent River was most likely caused by the 
increased quiescence of the water which induced more ideal settling 
conditions resulting in precipitation of suspended radioactivity. 
Compared to the control station at Dunlop Lake, the radioactivity 
in the sediments of contaminated larger lakes showed a 3 to 10 
fold increase in Ra-226, 2 to 8 fold increase in gross alpha, 
1.5 to 4 fold increase in gross beta, and 2 to 15 fold increase 
in the U-238 levels. 

Sediments from Major Lakes 

It is interesting to note that the dredge samples from 
the west side of Quirke Lake contained higher levels of radio- 
activity than *-hose from the east side, although the levels in 
the water were fairly uniform. This may have been caused by the 
presence of the ore body under the west side as well as the dis- 
charge of wastes from the mines located around this side. High 
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FIGURE-3U! 
RADIUM -226 IN SEDIMENTS 
IN THE SERPENT RIVER BASIN 
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GROSS RADIOACTIVITY IN SEDIMENTS 
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TABLE 3:3 RADIOACTIVITY IN SEDIMENTS -ELLIOT LAKE AREA 



Location 
(Stn. M .) 


T>p* Of 
SaaaU* (Ho.) 


Ke-226 

H*an ftang* 


Croat 
H**n 


Alpha 
Range 


Croat 

Hean 


Bat* 
kanRa 


Uranlun 238 
HmMn gauge 






oCI/oj* 


pC'/< 


"a 


pCi/gm 


ri! 


,*> 


Ounlop Lake 




















<i«-n 


Dredga (4) 


1.8 


t.5-20 


31.5 


25-39 


4. 


- 


4.7 


- 


u»-i) 


Cora Surface (I) 


0,8 


- 


1*. 


- 


19. 


- 


4. 


- 


(i»-i) 


Cor* 15" below 
aurfeca (1) 


1.1 


- 


22. 


- 


25, 


- 


5. 


- 


quirk* lake 




















(25-1) 


Oredge (5) 


10.4 


8-12 


149. 


TO- 1210 


145, 


70-238 


39. 


8-75 


(25-2) 


Dredge (4) 


21. 


4-48 


UN . 


40-1400 


348. 


5B-B30 


181. 


10-470 


<»-!> 


Dradaa, (5) 


12, 


*-M 


23*. 


45-740 


184. 


45-520 


82. 


12-280 


(25-4) 


Oredge (5) 


2J. 


3- JO 


2>«. 


30-740 


III. 


45-570 


95. 


12-280 


(25-5) 


Dredge (3) 


37. 


7-69 


404. 


6 7-810 


364. 


75-6 70 


113. 


16-230 


(25-6) 


Oredge (5) 


9.2 


3.5-19 


102. 


55-16 3 


101. 


45-160 


20. 


7-40 


(25-7) 


Dredge (5) 


7.6 


2-20 


105, 


10-310 


110, 


41-260 


14. 


2-45 


(25-8) 


:>r.Jn« (5) 


40. 


7-100 


518. 


53-1170 


476, 


79-900 


144. 


14-140 


UliUy Lake 




















CW-aJ 


Dredge (2) 


It. 


11-21 


138. 


120-155 


145. 


130-190 


25, 


17-34 


(29-2) 


Care-aurface (1) 


Z.5 


- 


24. 


- 


60. 


- 


4. 


• 


(29-2) 


Core - 4" below 
iur£a» (!) 


1,7 


- 


20. 


- 


50. 


- 


3. 




(2»-3) 


Dredge (3) 


11. 


11-14 


157. 


150-160 


130. 


110-150 


32. 


20-40 


(29-4) 


Dradg* < 1) 


B.I 


6-1) 


103. 


78-140 


115, 


45-170 


12. 


1-24 




Cor* Sulfate { 1) 


b. 


- 


33. 


- 


44. 


- 


3 


- 




5" below «urf*c* (1) 


1.5 


- 


22. 


- 


46. 


- 


3. 


- 




10" balow eurface (1) 


1.5 


- 


28. 


- 


2B. 


- 


3. 


" 


Pecora Lake 




















(17-2) 


Uredae (4) 


16. 


6-19 


101. 


42-150 


111. 


4S-150 


17. 


5-40 




Cor* Surfac* (4) 


15. 


4-26 


77. 


16-220 


74. 


14-120 


10. 


5-15 




14" balow 


1.4 


• 


22. 


- 


40. 


- 


1. 




ai-ii 


Oredge (J) 


IB. 


8.3-JJ 


163. 


80-320 


153, 


S4-240 


15. 


7-29 


<]»-*> 


Dredge (5) 


22. 


10-48 


147, 


44-330 


14*. 


80-270 


22. 


2-60 


{»-*) 


Cor* Surface ( 1) 


10. 


4-21 


93, 


2 7-220 


83. 


44.L60 


14. 


3-15 




21" below aurfaco (1) 


*. 


- 


10. 
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35. 




3. 


- 


KcCarthy Lake 




















<53-l> 


Dredge (1) 


7. 


- 


53. 


- 


78. 


- 


20. 


- 


(51-3) 


Dredge (1) 


3.2 


- 


35. 


- 


49. 


- 


9. 


- 


HcCab* Lake 
Meat End 


Dredge <1) 


330. 


- 


240O. 


- 


1500, 


' 


174. 


- 


Elliot Lake 




















(48-1) 


Dredge < 5) 


35.4 


S.4-7J 


386. 


B4.BS0 


337. 


84-810 


189. 


40-500 




Cor* Surface (1) 


It. 


- 


65, 


- 


65. 


- 


4.0 






1" below eurface (1) 


1, 


- 


IS. 


- 


35. 




2.0 
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(*»- n 


2" balow ei-rface (1) 


1,9 
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14. 
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30. 




2.4 
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<*S-2 3 


UredK* (1) 


8.5 


53-15 


109. 


40-240 


114. 


60-160 


21. 


10- 52 




Cora Surfac* (I) 


15. 
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2*. 
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53. 
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4. 


- 




8" below vurfec* (I) 


2. 
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24. 
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54, 
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3. 
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(48-1) 


Dredge (J) 


1,1 


4.B-14 


S7. 
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69, 


;)-iio 


17. 


11-14 


(48-4 ) 


Oradg* (5) 


15, 


J. 5-27 


112. 


54-230 


1)2. 


69-270 


35, 


« »(l 


(48- J) 


Oradg* <5V 


8.0 


4.7-12 


72. 


35-107 


"lb. 


49-145 


26. 


9-45 
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1.7 


" 


15. 
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41. 
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TABLE 3:3 (CONT'D.) RADIOACTIVITY IN SEDIMENTS -ELLIOT LAKE AREA 



Location 
(Srn. No.) 


Type of 
Sample (No.) 


Ra-226 
Keen Range 

PC 1/ flm 


Cross 
Mean 

pCl/ 


Alpha 
Range 


Gross 

Mean 
PCI/ 


Beta 

Range 


Uranium 2)8 
Mean Range 


Nordic Lake 




















Near Inlet of 
Buckles Creek 


Dredge (I) 


510. 


- 


3350. 


. 


2500. 


- 


820. 






Core Surface (1) 


- 


- 


920. 


- 


740. 


- 


- 


- 




4" below surface 


- 


- 


50. 


- 


50. 


- 


- 


- 




IS" below surface 


- 


- 


22. 


- 


17. 


- 


- 


- 


Near Genera 


Core Surface 


- 


- 


170. 


- 


150. 


- 


- 


- 




6" below surface 


- 


- 


25. 


- 


40. 


- 


- 


- 




Centre Surface 


- 


- 


20. 


- 


24. 


- 


- 


- 




7" below surface 


- 


- 


40. 


- 


43. 


- 


" 


- 


Depot Lake 




















(52-2) 


Dredge (3) 


5.5 


2.6-9.9 


48. 


28-69 


68. 


62-76 


14. 


4-31 


Camp Lake 




















(55-1) 


Dredge ( }) 


10. J 


5-13 


83. 


20-140 


88. 


55-110 


5. 


5-9 




Core Surface (2) 


1.9 


1.8-2 


23. 


20-25 


39, 


38-40 


2.5 


1-4 


Serpent Harbour 




















(OB-1) 


Dredge (5) 


17.4 


5.9-25 


82. 


36-120 


91.4 


62-115 


5. 


3-7 




Core Surface (I) 


12 


- 


95. 


- 


68. 


- 


5. 


- 




11" below surface 


1.2 


- 


19. 


- 


34. 


- 


2.5 


- 


(08-2) 


Dredge (4) 


6.0 


3-B 


52. 


35-71 


66. 


55-83 


2.5 


2-4 




Core Surface (1) 


11. 


- 


90. 


70 


- 


- 


4. 


- 




24" below surface 


1, 




14. 


- 


30. 


- 


1.5 


- 


Bucklea Creek 
near Nordic 
■lderoad 


Core Surface (1) 
1" below surface 


240. 

275. 


- 


1700. 
1300. 


- 


1400. 
1000. 


- 


57 
50. 


- 




2" below surface 


475. 


- 


2900. 


- 


2100. 


- 


66. 


- 


Creek from Bud 
Lake, 100 yard* 
west of Hwy. 108 


Core Surface (1) 
1" below surface 


400. 
320. 


- 


3000. 
3000. 


- 


2300. 
2100. 


- 


100. 
90. 


- 




2" below surface 


340. 


- 


1900. 


- 


1800. 


- 


85. 


- 


Stollery Lake 


Dredge (3) 


96.3 


0.9-460 


1104. 


19-3800 


986. 


41-2800 


107. 


2-5BO 




Core - surface (2) 


3.4 


0.8-6 


32.5 


8-57 


48. 


40-56 


2.5 


2-3 




Core - 1" below 
surface (2) 
Core - 2" below 


2.4 
10.1 


0.8-4 
0,9-21 


23. 
82, 


6-40 
14-150 


45. 
110. 


40-60 
60-160 


2. 

4.5 


2-2 
3-6 




surface (2) 


















Home Lake 


Core Surface (I) 


4. 


- 


28. 


- 


130. 


- 


14. 


- 




1" below surface (1) 


2.4 


- 


26. 


- 


100. 


- 


3, 


- 




2" below surface (1) 


2.3 


- 


22. 


- 


110. 


- 


3, 


- 
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levels of radioactivity were encountered near the Stanrock 
spill area of Quirke Lake, however, these were limited to the 
main spill area. 

Sediments from Elliot Lake showed a 4 to 18 fold 
increase over background in Ra-226 levels, while gross alpha 
and beta activities showed increases from 1.5 to 10 times the 
background levels. Higher concentrations were encountered in 
both core and dredge samples near the mouth of Sheriff Creek. 
These higher levels were caused by settling out of suspended 
matter near the mouth of the creek. Farther out, the core 
results showed levels of about 4 to 7 times the background for 
Ra-226 and 2 to 3 times the background for both gross alpha and 
beta activities in the top inch of the sediment. Below this 
top layer, the levels approximated background levels. 

One set of core samples collected from the north end 
of Home Lake showed the Ra-226 and beta activities to be 
approximately two times the background level. Gross alpha 
activities in these samples were at about background level. 
This seemed to indicate that most of the suspended radioactivity 
from the Nordic tailings area had settled out by the time it 
passed through Home Lake. 

Streams and Lakes Near Tailings Areas 

The highest levels of radioactivity in the sediments 
were found in the smaller lakes and streams in the immediate 
vicinity of the tailings areas. For example, sediment from 
McCabe Lake showed the highest Ra-226 and gross alpha activities 
for the lake stations. This was due to the proximity of the 
large quantities of radioactive materials that were discharged in 
the uncontrolled runoff from the Crotch Lake tailings area. 
Similarly, Nordic Lake near the inlet of Buckles Creek showed 
high Ra-226 levels ', however, samples near the centre and outlet 
bay of this lake showed considerably lower levels thereby indi- 
cating that the high activity deposits were confined to the inlet 
area of Buckles Creek. 

The sediments in Buckles Creek (Nordic Mine) and the 
creek from the Bud Lake area (Quirke Mine) showed Ra-226 levels 
ranging from 240 to 475 pCi/gm, alpha activity from 1,300 to 
3,000 pCi/gm, and beta activity from 1,000 to 2,000 pCi/gm. 
These values were the highest found for any streambed sampled 
during the survey. 
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Radioactivity in core samples from Stollery Lake 
below Denison Dam ranged anywhere from 3 to 10 times the 
background levels, while dredge samples (collected in 1966) 
were much higher. The low values in core samples may have 
resulted from scouring of the lake bottom during high flow 
periods because Stollery Lake is quite shallow. 

The core samples from the contaminated lakes showed 
that most of the radioactivity was contained in the top few 
centimeters of the bottom sediment. Below this layer, the 
levels were lower and approximately the same as in the uncon- 
taminated lake where the radioactivity levels were uniform 
throughout the length of the core. This pattern indicates that 
the radioactivity in the lakes was similar to that of the control 
lake in the past, and therefore, the increased levels were caused 
solely by the mining industry. 



3.2.3 Water Quality - Bancroft Area 

Since all three mines have been inactive since 1964, 
with the exception of underground development at Faraday, the 
problems in the upper Eels Creek and Upper Crowe River basins 
were not as severe as in the Serpent River basin. 

a) Upper Crowe River Basin 

The upper Crowe River Basin received wastewater dis- 
charges from the Faraday and Bicroft uranium mines. The former 
discharged via Bentley Creek to Bow Lake which is located about 
14 miles southwest of the Town of Bancroft in the Township of 
Cardiff. The lake lies next to the Faraday operations and was 
also used as a source of drinking water by the mine. The latter 
mine discharged its tailings overflow and mine water via Deer 
Creek to Inlet Bay of Paudash Lake which is located approximately 
16 miles southwest of the Town of Bancroft. 



i) Water Quality 

Bow Lake 

Since the tailings overflow received little dilution 
other than the outflow from Bentley Lake, the water quality of 
Bow Lake deteriorated quickly during the early days of the mining 
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activity and by 1958, the Ra-226 concentration exceeded 30 

pCi/1. From 1959 to 1964, the Ra-226 level ranged from 12 

to 50 pCi/1 (average around 30). Following the closing of the 

mine, the level decreased to 5-6 pCi/1 range where it has 

remained since 1966. The gross alpha and beta activities 

in Bow Lake increased approximately 2-3 fold during the second 

year of the survey (Figure 3.13). 

The chemical quality of Bow Lake indicated an 
approximate 15-20 fold increase in dissolved solids, sulphates 
and hardness over background levels. The levels of dissolved 
solids and sulphates decreased slightly during the second year 
of the survey, but increased again in the third year (Figure 
3.14) . 

- Paudash Lake 

The tailings overflow and mine water from the Bicroft 
Mine were discharged into Inlet Bay of Paudash Lake via Deer 
Creek during the operation of the mine. Since these untreated 
wastes were high in Ra-226, the levels in Inlet Bay increased 
rapidly. The limited data for Inlet Bay prior to the start of 
this survey indicated Ra-226 concentrations as high as 45 pCi/1 
in 1960. This level decreased to 16 pCi/1 by 1962 and to 7 pCi/1 
in 1964. It appears that the increases in radium were restricted 
to the Inlet Bay area only since the concentration in the outflow 
of Paudash Lake did not exceed 2 pCi/1 during the operation of 
the mine. 

The Ra-226 concentration in Inlet Bay increased from 
2.7 pCi/1 in 1966-67 to 5.0 pCi/1 in 1968-69. Other areas of 
Paudash Lake remained well below the drinking water standard of 
3 pCi/1. 

The chemical data (Figure 3.14) indicated that the 
dissolved solids, hardness, and sulphate levels in the Inlet 
Bay area were approximately 2 to 3 times background levels in 
1968. Slight increases occurred in these parameters during the 
third year of the survey. These were limited to the Inlet Bay 
area only while the remaining sections of the lake remained 
relatively uniform or showed slight improvement. 

Crowe River and Bow Creek 

During the survey period the Ra-22 6 levels in Bow 
Creek at the outlet of Bow Lake ranged between 4.4 and 6 pCi/1. 
The gross alpha and beta activities and U-238 concentrations, 
however, showed significant increases during the second year of 
the study. These changes were reflected in the downstream 
section where similar changes occurred. The Ra-226 levels in the 
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river system downstream from the confluence of Crowe River 
and Bow Creek decreased to the proposed water quality standard. 
Farther downstream, the Ra-226 levels ranged from 0.3 to 1.2 
pCi/1. 

Chemical quality in Bow Creek fluctuated in the same 
manner as in Bow Lake, while slight improvement occurred in the 
downstream sections of the Crowe River. 



ii) Comments 

The changes in the Bow Creek section of the Upper 
Crowe River were caused by the increased loading from the 
Faraday tailings area during the development work and dewatering 
operations at the mine. Another reason for the changes in Bow 
Lake, as well as Inlet Bay area of Paudash Lake may have been 
the heavy precipitation which resulted in increased discharges 
and leaching of pollutants during the second year of the survey. 

b) Upper Eels Creek Basin 

This basin received the wastewater discharges from the 
Dyno Mine via Farrell Creek which flows into the north end of 
Eels Lake. 



i) Water Quality 

Farrell Creek 

Discharges from the Dyno tailings area drained into 
the north end of Eels Lake via Farrell Creek and provided the 
only source of mine waste pollution in the watershed. The limited 
data which were available from the period of operation of the mine 
indicated Ra-226 levels ranging from 71 to 92 pCi/1 in Farrell 
Creek. Samples collected during this survey period showed the 
annual average Ra-226 level in this creek to vary between 11 and 
13 pCi/1 (Figure 3 -13) . 

The chemical quality of Farrell Creek showed approxi- 
mately 4 to 6 fold increases over background dissolved solids 
concentration and 8 to 10 fold increases over background sulphate 
levels (Figure 3.14). During the survey, the pH in this creek 
increased from 6 in 1966-67 to 7.3 in 1968-69, while the total 
iron concentration decreased. 
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Eels Lake 

The radiological and chemical water qualities of Eels 
Lake remained unchanged during the survey period. Samples 
collected from the three stations on the lake and from Eels 
Creek at Highway 28 indicated only slight deterioration of 
these waters compared to background conditions. 

ii) Comments 

The contamination in the Upper Eels Creek system was 
limited to Farrell Creek only. In future, there should be no 
problems in this section of the watershed as long as the dam 
structures at the Dyno tailings area are properly maintained. 

3.2.4 Sediments - Bancroft Area 
i) Results 

Results for the analysis of sediment samples collected 
from the lakes and streams in the Bancroft area are presented in 

Table 3.4. 



ii) Comments 

Dredge samples of lake sediments in the immediate 
vicinity of the mines in the Upper Crowe River Basin showed 20 
to 150 fold increases over background Ra-226, gross alpha and 
beta levels. These concentrations decreased with increasing 
distance from the mines. For example, Ra-226 decreased from the 
range of 86 to 280 pCi/gm in Inlet Bay sediment to 21 to 50 pCi/gm 
in the east arm of Paudash Lake. Farther downstream in Chandos 
Lake these approached background levels. 

In the Upper Eels Creek basin, Ra-226 concentrations 
in the dredge samples were approximately 4 to 10 times background 
while gross alpha and beta activities showed slightly lower 
increases over background. 

Core samples from both sub-basins showed lower radio- 
activity than the dredge results and indicated that the increases 
were limited to the top layers of the bottom deposits. 



91 



TABLE 3 . 4 
RADIOACTIVITY IN SEDIMENTS - BANCROFT AREA 



Location 


Depth* 




Gross 


Gross 




(Station No. ) 


(Type)** 


Ra-226 


Alpha 


Beta 


U-238 








pCi/gm 


pCi/gm 


pCi/gm 


Mg/gm 


Centre L. 


1" 


(C) 


2.5 


26 


100 






9" 


(C) 


1.5 


18 


40 




Bow L. 














(71-1) 




(D) 


110 


900 


660 


230 


(71-3) 




(D) 


290 


2,600 


1,900 


300 


(71-1) 




(D) 


73 


800 


570 


220 


(71-2) 




(D) 


39 


300 


200 


29 


(71-1) 


1" 


(C) 


28 


300 


210 




■i 


2" 


(C) 


22 


245 


205 




>• 


3" 


(C) 


2.5 


40 


60 




" 


8" 


(C) 


3 


46 


90 




Near mouth 


1" 


(C) 


30 


410 


390 




of Bentley 


4" 


(C) 


16 


114 


190 




Creek 


8" 


(C) 


14 


60 


62 




Paudash Lake 




(D) 


86 


450 


290 


11 


(75-1) 




(D) 


280 


2,800 


1,400 


130 


Inlet Bay 




(D) 


8 


28 


72 


38 


(75-2) 




(D) 


34 


240 


150 


29.0 


(75-3) 




(D) 


4.3 


38 


52 


37 


(75-4) 




(D) 


21 


120 


120 


17 


II 




(D) 


50 


400 


290 


25 


(75-5) 




(D) 


9 


38 


63 


1. 5 


Inlet Bay 


1" 


(C) 


58 


470 


250 






2" 


(C) 


4.5 


34 


56 






3" 


(C) 


2.5 


19 


50 






8" 


(C) 


2.5 


23 


42 






15" 


(C) 


5 


20 


39 




Eels Lake 




(D) 


5 


60 


95 


17 


(80-1) 






23 


115 


115 


10 


(80-2) 






7 


69 


104 


12 


(80-3) 






9 


100 


130 


9 


Near mouth 


1" 


(C) 


25 


450 


280 


32 


of Farrel Cr. 


3" 


(C) 


62 


340 


280 


35 




7" 


(C) 


3.5 


37 


53 


16 




11" 


(C) 


4 


28 


48 


19 



Chandos (77-1) 



(D) 



1.5 



30 



70 



Depth* below surface of sediment 
Type ** C - core sampler 

D - dredge sampler 
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3.2.5 Findings of Biological Surveys 

a) Primary and Secondary Production 

To aid in determining the extent of the damage to 
lakes, six samples of chlorophyll a and zooplankton analyses 
were taken between surface and bottom from two reference lakes 
and three affected lakes. Figure 3.15 depicts the relationship 
between chlorophyll levels and zooplankton density for affected 
and reference lakes in the Elliot Lake area during two sampling 
periods in 1968. This figure indicates that the lakes are 
inherently similar with respect to productivity relationships. 
In addition, the figure shows the magnitude of the reduction of 
chlorophyll a and zooplankton in the lake basins which receive 
wastes from the uranium milling industry. 

If it is assumed that the values for Dunlop Lake in 
May and August represent the values inherent to the oligotrophia 
lakes of the upper Serpent River basin, then the corresponding 
values for chlorophyll a and zooplankton in the polluted lakes 
expressed as a percentage of the reference lake values provide 
an indication of the impact of mine wastes on these waters in 
terms of primary (phytoplankton-chlorophyll a and secondary 
production (zooplankton) . The comparative values are provided 
in Table 3.5 below: 



TABLE 3 . 5 

Relative Index of Primary and Secondary Production 
in the Serpent River Basin - Dunlop Lake as Reference 



Lake 


Period 


Dunlop 


May 


Quirke 


May 


Whiskey 


May 


Pecors 


May 


Dunlop 


August 


Quirke 


August 


Whiskey 


August 


Pecors 


August 



Chlorophyll a 

100% 

65% 

41% 

30% 
100% 

13% 

29% 
7% 



Zooplankton 

100% 

50% 

22% 

6% 

100% 

7% 

20% 

7% 



The results of a study in 1965 through 1967 by Johnson 
et al confirmed that the primary productivity was reduced in 
Quirke and Pecors lakes compared to Dunlop Lake. The values of 
the mean rate of carbon fixation (primary productivity) in this 
study compare favourably with the results of the aforementioned 



93 



FIGURE-3;I5 
ZOOPLANKTON & CHLOROPHYLL A 
IN LAKES OF THE SERPENT RIVER BASIN 
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chlorophyll a index. The secondary trophic level (zooplankton) 
response to this decrease in primary production and standing 
crop is dramatic. 

Johnson et al suggest that the input of inorganic 
carbon into Quirke Lake during the spring runoff allows the 
primary productivity to approach that of Dunlop. The data in 
Figure 3.13 support this. Zooplankton and chlorophyll a values 
in Quirke Lake in the spring of 1968 approached the values for 
Dunlop Lake for the same period, but then reduced drastically 
by August, just as primary productivity (carbon fixation) was 
observed to decline during the 1965 to 1967 study. 

An experimental in situ bioassay reported by Johnson 
et al suggests that a deficiency of inorganic carbon is limiting 
productivity in the polluted lakes. Low pH values in Quirke, 
Whiskey and Pecors (Figure 3.16) shift the aqueous phase equili- 
brium of inorganic carbon since the solubility of carbon dioxide 
is reduced as pH decreases; thus carbon dioxide escapes to the 
atmosphere during lake turn-over and wind-mixing periods. Also, 
the low pH probably retards the conversion of organic carbon in 
the bottom sediments to inorganic carbon. 

Changes in zooplankton communities were evident in the 
polluted lakes on the basis of comparative sampling, brought 
about by the reduction in phytoplankton upon which the zooplankton 
feed, or by the direct impact of reduced pH and other water chemistry 
changes, or both. Normally, the composition of the zooplankton 
community in the spring is largely immature copepods (nauplii) , 
rotifers, cladocerans and mature copepods. In Quirke, Whiskey 
and Pecors lakes, the zooplankton community was dominated by 
rotifers of two genera, Kellicottia and Keratella, with copepods 
absent and cladocerans only occasionally represented by one species, 
Bosmina longispina. In Teasdale and Dunlop lakes (reference lakes) , 
on the other hand, a variety of cladocerans were present, including 
Bosmina longispina, Daphnia sp. } Polyphemus sp. and Boxmopomis sp. 
in addition to diverse populations of copepods and rotifers. 

b) Fish Populations 

The data for this chapter are based entirely on gill 
netting conducted throughout the survey period. Information is 
provided on the availability of fish, species changes, reproductive 
potential, population structure and fish condition. 
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FIG. -3 = 16 
PROFILES AND SECCHI DISC READING FOR LAKES IN 
SERPENT RIVER DRAINAGE BASIN 
MAY - AUGUST 1968 
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Availability of Fish 

Because the efficiency of gill nets to capture fish 
varies with the season, weather and the specific set, definitive 
assumptions cannot be made relative to the size and composition 
of fish populations from records of netting success, especially 
where the number of feet fished per lake area is low. Neverthe- 
less, it is most significant that data in Table 3.6 indicate that 
the total poundage of fish (all species) is less in the polluted 
waters than in reference lakes. 

TABLE 3 . 6 
Availability of Fish in the Serpent River Basin 



Lake 


Year 


Pounds 
of Fish 


Total Yards 
of Net 


Pounds/ 
1000 Yards 


Quirke 


1966 
1968 


200 
47 


4,500 
2,300 


45 
20 


Whiskey 


1966 


e 


200 


40 


Pecors 


1966 
1968 


61 
60 


800 

2,000 


75 
30 


Elliot 


1966 


100 


200 


500 


*Dunlop 


1966 


75 


200 


400 


*Teasdale 


1968 


370 


2,800 


100 



* Reference lakes 

The actual numerical values of the pounds of fish per 
1,000 yards fished are not significant; however, the orders of 
magnitude would indicate that the availability of fish to gill 
netting (which has at least some bearing on the relative size of 
the fish population) has been reduced by a factor of ten in the 
most severely polluted waters. It is interesting to note that 
Elliot Lake, which received minor contamination, did not show a 
great reduction in fish yield. Nutrients are added to Elliot 
Lake from a secondary sewage treatment plant in the Town of 
Elliot Lake. ^.ils nutrient addition has perhaps counterbalanced 
the effects of the mine waste input. 
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Species Changes 

A change in the species composition of the fish 
population is apparent in Quirke, Whiskey and Pecors lakes. 
Walleye were present in all these waters and were captured 
as late as October, 1960 in Quirke Lake and in 1966 in Whiskey 
Lake (personal observation of one dead walleye) and Pecors Lake 

(OWRC file 1966). The results suggest that, by 1966 in Quirke 
Lake and 1968 in Pecors and Whiskey lakes, the walleye popu- 
lation had succumbed. Wohlgemuth (1961 Department of Lands 
and Forests file) reported the absence of walleyes younger 
than age Class IV in Quirke Lake. Young walleyes feed on 
plankton, aquatic insects, insect larvae and other inverte- 
brates (MacKay, H.H.). The standing crop of phytoplankton 

(Johnson et al), zooplankton and bottom fauna have been reduced 
both in quantity and diversity. The carrying capacity of the 
polluted waters for young walleyes is greatly reduced and it 
is, therefore, not surprising that the walleye population has 
been decimated. 

Both Quirke Lake and Whiskey Lake were recognized to 
have a good lake trout fishery. Quirke Lake had on occasion 
been fished commercially and angler reports at the beginning of 
the mining activity showed that it had good lake trout fishing. 
Reports from Redwood Lodge on Whiskey Lake indicated that there 
was prime lake trout fishing in that body of water up to the 
commencement of the mining activity in the Serpent River basin. 

Reproductive Potential 

Wohlgemuth reported that the eggs of mature lake trout 
in Quirke Lake during and after the normal lake trout spawning 
season were small, immature and fused together in a mass. Similar 
observations were made in late August 1966, during this study. 

To further substantiate the reproductive failure of the 
lake trout population, a netting operation was undertaken in 
October 1967, to collect fertilized eggs for hatching studies. 
Unfortunately, only one mature female lake trout (8 years) and 
six immature males and females (less than 4 years) were captured 
from Quirke Lake between October 12 and October 30, therefore, 
this aspect of the study could not be completed. Observations 
made on Dunlop Lake at the same time revealed many lake trout 
in shallow water in normal spawning behaviour. 

The small sample of lake trout from Quirke Lake made 
it impossible to draw any firm conclusions but the absence of 
fish suggested that the trout population was small and had a 
limited capacity for successful reproduction. 
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In general, lake trout from age-class 6-8 years 
dominate the spawning population and Lagler states that sexual 
maturity for lake trout in the Great Lakes is not reached until 
the fish attain a length of 20 inches and/or an age of seven 
years. Table 3.7 shows the number of lake trout over six years 
of age and/or 20 inches in length taken from the Serpent River 
watershed and the state of maturity of the gonads. All fish 
were captured during later summer or early fall when advanced 
gonad development would be expected. 

TABLE 3 . 7 

Comparative Reproductive Potential of Lake Trout 
in Affected and Unaffected Lakes - Serpent River Basin 

Number of Trout 6 Years 
Lake and 20 Inches in Length Number Mature 

Quirke 14 (1966-67-68) 5 

Whiskey 14 (1968) 3 

Teasdale 7 (1968) 7 

More than one-half of the lake trout from Quirke and 
Whiskey lakes were not mature although they were of reproductive 
age. However, all fish from unpolluted Teasdale Lake of the 
appropriate ages showed sexual maturity. 

Miller and Kennedy state that lake trout in Great Bear 
Lake exhibited delayed maturation until the seventeenth year 
because of the low productivity of planktonic organisms. Corres- 
pondingly, lake trout showed delayed maturation and interruption 
of annual spawning behaviour in Quirke, Whiskey and Pecors lakes, 
all of which are characterized by low plankton production. 

Population Structure and Fish Condition 

An attempt to assess the age-class distribution of lake 
trout and whitefish from the Serpent River drainage basin was un- 
rewarding. In the case of lake trout, the sample size, even taking 
into account all fish from all years, was insufficient to adequately 
cover the range of age-classes which make up the population. 

Conclusions cannot be drawn with respect to the age- 
class distribution of whitefish since the gill netting failed to 
capture the young whitefish. The age composition of the catch 
was much similar during all years of the program. 
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The data for whitefish in the Serpent River system 
are similar to those of Miller who found that in Great Bear 
Lake the whitefish population structure and rate of individual 
development were similar to populations from farther south in 
more productive waters even though retardation of lake trout 
was apparent. Cisco, which are closely related to whitefish 
and less subject to natural control by predation as lake trout 
numbers decline, showed a healthy population with apparently 
normal development in the affected lakes of the Serpent River 
basin. 

The most revealing evaluation for lake trout was the 
length to weight relationship, conventionally calculated as 
the coefficient of condition; i.e. the plumpness of 'skinnyness' 
of fish. An explanation of the equation used was presented in 
Section 3.1.2 along with summary of the data. Small lake trout 
(under one pound) and large fish (over 15 pounds) were not used 
in condition analysis since the former tended in all cases to 
pull the coefficient down and the latter to raise it. 

It is recognized that both length to weight relation- 
ships and the coefficient of condition vary with sex, age, 
season and the body of water. However, all data for a particular 
lake have been grouped in these analyses since the variation in 
condition and length to weight relationships within the lakes 
were small compared with variations between the reference and 
polluted waters. The mean coefficient of condition and the range 
for lake trout from Teasdale and Flack lakes as reference and 
Whiskey and Quirke lakes is illustrated in Figure 3.17. (Flack 
Lake is not a part of the Serpent River drainage basin and the fish 
are heavier per unit length than those from Teasdale) . The fish 
from Teasdale with a mean condition coefficient of 4 x 10 4 probably 
represent more accurately the status of lake trout from Whiskey and 
Quirke lakes before the introduction of uranium milling wastes than 
the fish from Flack Lake which exhibited a mean condition coefficient 
of 5 x 10 1 *. The lake trout taken from Quirke Lake in 1966 and 1968 
and Whiskey Lake in 1968 are in poorer condition than fish from the 
reference lakes. 

The length to weight relationships illustrated graphically 
in Figure 3.18 show a similar trend. Fish between 15 inches and 
20 inches in length show a slower rate of gain in the polluted 
lakes. The poorer condition of lake trout from the polluted waters 
is related, either directly or indirectly, to a reduction in food. 
That is , either there is less food present or the fish are unable 
to secure the food. Chlorophyll a and zooplankton evaluations 
substantiate the fact that the standing crop of "fish food" is low 
in lakes receiving acid mine wastes. 
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FIGURE-3-17 
CONDITION OF LAKE TROUT 
IN LAKES OF THE SERPENT RIVER BASIN 
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Young lake trout are directly dependent on plankton 
and aquatic invertebrates for food. Older fish utilize inverte- 
brates and shore-dwelling fish in the spring when they frequent 
shallow water. Deep water fishes such as cisco and whitefish 
form the main part of the lake trout diet during the summer and 
early fall when the trout inhabit the deeper waters of the lake 
(MacKay, H.H.). The stomach contents of the fish taken during 
the survey substantiate this information. Since the relationship 
between primary production and production at higher trophic levels 
is not linear, a certain reduction in primary productivity will 
have a greater effect on each higher trophic level in turn. 
That is, predatory species such as lake trout have such difficulty 
in obtaining sufficient food that their existence is jeopardized. 
Figure 3.19 depicts the hypothetical effect of a 50 percent 
reduction in dissolved organic matter on the various trophic 
levels. The original pyramid is from Juday and redrawn from 
Welch. The relationships from a 50 percent removal of the dissolved 
organic matter were interpreted. The biomass of trophic level 
includes those animals with similar feeding relationships, i.e. 
fish which feed on smaller fish would be considered a trophic 
level . 

c) Stream Bottom Fauna in the Serpent 
River Watershed 

In general, in non-polluted waters, the community shows 
greater diversity (more taxa) and is not strongly dominated by 
any one taxa. As pollution is introduced, the environment (water) 
becomes more restrictive and some taxa are eliminated. If the 
pollution is not completely inhibitory to invertebrate life, a 
particular taxum may begin to dominate the community numerically. 
This relationship led Margelef to develop an index of diversity 
which rated diversity as a function of the number of individuals 
and the number of taxa. In this report, the index of diversity 
was multiplied by a simple integer which gives more value to the 
presence of inherent (pollution- intolerant) taxa and is referred 
to as the weighted index of diversity. In most cases, the value 
shown is an average of several collections and is referred to as 
the mean weighted index of diversity (M.W.I.). The weight factor 
is employed since the loss of established taxa represents an 
alteration from the background norm, potentially affecting relation- 
ships between benthic organisms and higher aquatic forms. The use 
of an unweighted index of diversity might not be as revealing since 
original inhabitants might be replaced by similar numbers of 
pollution- tolerant taxa. In this event, the index would remain 
relatively co.u ..:nt and not reflect the degree of environmental 
change . 

An analysis of the changes in the stream bottom fauna 
community provides a graphic illustration of the extent of the 
damage to the watershed wrought by the uranium mining industry. 
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Since the community is responding to changes in water quality 
over a period of time, it is also valuable in interpolating 
the minimum water quality standards necessary for 'clean water 1 . 
The thesis for the analysis of the stream bottom fauna community 
index of diversity is expanded in Section 3.1.2. 

Table 3.8 below gives the mean weighted index of 
diversity (M.W.I.) for the stream stations (Figure 1.1) on the 
Serpent River basin. The stations in Table 3.8 are arbitrarily 
divided into three groups - polluted, intermediate and unpolluted. 
Correspondingly, Tables 3.9, 3.10 and 3.11 provide water chemistry 
data for the same stations to facilitate the corelation of chemical 
and biological data. 

Reference to Table 3.8 indicates that some areas of the 
Serpent River, where the alteration of water quality is limited 
to changes in dissolved solids and sulphates, possess a bottom 
fauna community indicative of relatively unaltered waters (e.g. 
stations 52-1 and 57-2). However, the response of the aquatic 
ecosystem to elevated non- toxic compounds are not well understood 
and since the chemical-biological relationships in poorly buffered 
Pre-Cambrian Shield waters are delicately balanced, it is important 
that induced changes in water quality be minimized. 

TABLE 3.8 

Mean Weighted Index of Diversity of Stream Bottom Fauna 

Serpent River Basin 



npolluted 




Intermediate 




Polluted 




Station 


M.W.I. 


Station 


M.W.I. 


Station 


M.W. 


65-1 


9.2 


22-1 


3.1 


26-1 


1.9 


67-1 


8.6 


48-6 


3.1 


24-2 


1.3 


66-1 


7.7 


4 5-1 


3.2 


42-3 


1.3 


52-1 


7.3 


38-1 


2.6 


37-1 


1.3 


68-1 


6.4 


59-1 


2.6 


29-1 


1.1 


18-2 


5.5 


30-1 


2.3 


40-1 


.6 


57-2 


5.1 


60-1 


2.3 







The bottom fauna community at reference stations 65-1, 
67-1, 66-1, 68-1 and 18-2, had an M.W.I, greater than 5. The two 
stations most remote from the sources of pollution, 52-1 and 57-2, 
also had M.W.I, values greater than 5 indicating that the wastes 
discharged to Serpent River were having no marked effect on the 
aquatic stream life at these downstream points. The water quality 
of these stations is shown in Table 3.9. 
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67 


17 
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92 


15 


18 


78 


.1 


.05 


.08 


1 


0.1 


0.5 


1.2 


49 


42 


47 


173 


44 


45 


133 



TABLE 3.9 
Water Quality at Non-Polluted Stations on Serpent River 

Station 65-1 67-1 66-1 52-1 68-1 18-2 57-2 

pH 

Sulphates 

Hardness 

Nitrates 

TDS* 

Note: * Total dissolved solids 

All values except pH are expressed in rag/1 per litre. 

The most dramatic effect of the discharges is seen 
in the community structure of the stations at the inlet and 
outlet of Quirke Lake; the inlet to Whiskey Lake and the inlet 
to Pecors Lake at 37-1, as well as the streams carrying the 
tailings overflow from Nordic Mine (40-1) and from the abandoned 
tailings area at Nordic Mine (42-3) . 

The water quality at these stations is shown in Table 
3.10 below: 

TABLE 3.10 
Water Quality at Polluted Stations on Serpent River 

Station 26-1 24-2 42-3 37-1 29-1 40-1 

pH 

Sulphates 

Hardness 

Nitrates 

TDS* 

Note: * Total dissolved solids 

All values except pH are expressed in mg/1. 

An intermediate zone is represented by stations 22-1, 
48-6, 38-1, 59-x, 30-1 and 60-1. At these stations, the effect 
of the pollution is apparent but not as dramatic as in the 
' polluted ' zone. 

The water quality at these stations is presented in 
Table 3.11. 
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5.6 


5.7 


4.9 


94 


143 


121 


208 


82 


1,078 


99 


144 


111 


218 


91 


1,160 


2.4 


3.1 


.19 


2.5 


2.5 


9.8 


178 


273 


238 


378 


161 


2,090 



6.1 


6.6 


4.8 


6.0 


5.8 


5.6 


6.4 


218 


28 


83 


95 


31 


75 


142 


186 


36 


81 


107 


32 


84 


159 


2.5 


.44 


.14 


1.8 


.20 


1.9 


.27 


388 


74 


111 


191 


69 


152 


290 



TABLE 3.11 

Water Quality at Intermediately Polluted Stations 

Serpent River Basin 



Station 22-1 48-6 45-1 38-1 59-1 30-1 60-1 

pH 

Sulphates 
Hardness 
Nitrates 

TDS* 

Note: *Total dissolved solids 

All values except pH are expressed in mg/1 



d) Lake Bottom Fauna in the Serpent 
River Basin 

The numbers of bottom fauna in the lakes in the upper 
Serpent River basin are inherently limited and lack the diversity 
of the stream bottom fauna. For this reason, a comparison of the 
bottom fauna communities in reference and affected lakes has less 
interpretative significance than the stream data and, therefore, 
will be summarized briefly. 

Dunlop Lake showed a slightly higher diversity than 
Quirke, Whiskey or Pecors. However, in Quirke, Whiskey and 
Pecors , the community contained species usually indicative of 
'clean water' including immature fishflies and mayflies. 

These organisms are most sensitive to low dissolved 
oxygen conditions and low dissolved oxygen is associated with 
organic enriched environments. The nature of the pollution from 
the uranium mines is such that instead of contributing to oxidation 
of bottom material, it undoubtedly impedes this process. It would 
not be expected, therefore, to find elimination of organisms which 
are most responsive to reduced dissolved oxygen concentrations. 

The most significant information relative to bottom 
fauna communities in the affected lakes of the Serpent River is 
the observation that populations of large clams (Unionidae) have 
been eliminated from the polluted waters. Evidence of clam beds 
were observed in Pecors and Whiskey lakes and the reconnaissance 
survey by OWRC in 1964 revealed live clams in Pecors Lake. In 
1966 and subsequent years, intensive efforts by snorkelling and 
scuba diving failed to produce live clams in these lakes. 
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In 1968, an investigation of McCarthy Lake revealed 
a clear line of demarcation relative to an effect on clam 
populations. The area of the lake which received water from 
the Serpent River via Pecors Lake did not contain live clams. 
Many empty shells were observed in this area. The west end of 
the lake did contain populations of live clams. Farther down- 
stream, in Camp Lake, live clams again formed part of the bottom 
fauna community. 

Two explanations exist for the disappearance of clams 
from the Serpent River. McKee and Wolf, provide evidence to 
show that marine clams are intolerant to high levels of sulphates. 
The wastes discharged from the uranium mining industry have caused 
a significant elevation in the levels of sulphates in the Serpent 
River. Alternatively, clams concentrate radionuclides high above 
the levels in the water (see section on radioactivity) and the 
internal physiology of the clams may have been altered by the 
accumulation of ionizing radiation. While there is no experi- 
mental evidence to support either of these ideas , it appears to 
be most significant that clams which accumulated high levels of 
radioactivity in the Bancroft area were not eliminated, suggesting 
that water chemistry changes in the Serpent watershed were the 
causative factor. 



e) Stream Bottom Fauna in the Crowe River 
and Eels Creek Watershed 

Stream stations were sampled once in 1966 and twice in 
1968 in the Bancroft area. No evidence was found to suggest that 
the past uranium mining activity was having any adverse effect on 
the stream bottom fauna communities except in the immediate vicinity 
of the tailings decant zones. Water chemistry determinations, in 
general, support this evaluation. Most waters, except Bow Lake, 
showed that changes in water chemistry were less elevated than in 
the Serpent River watershed. The sulphate concentration at the 
outlet of Bow Lake was approximately 240 mg/1 , but the composition 
of the stream community did not show any adverse effects due to 
the high sulphate level. The pH at this location was not depressed. 

f) Lake Bottom Fauna in Crowe River and 
Eels Creek Watersheds 

The bottom fauna communities sampled in the Bancroft 
area revealed that the past mining activity was not affecting the 
aquatic invertebrate life. In general, the lakes in the Crowe 
River watershed supported a more prolific and diverse community 
of bottom-dwelling organisms than lakes in the Serpent River water- 
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shed so that any detrimental effect on the community wrought 
toy discharges from the uranium mining industry would have 
been easily detected in the sampling program. 

g) Radioactivity in the Aquatic Biota 

Figures 3.20 to 3.26 and Table 3.12 summarize the 
concentrations for selected taxa in the Serpent River and Crowe 
River watersheds. The measurements were made to determine if 
biological material was valuable as a tool to monitor radio- 
logical pollution and to ascertain if the concentrations in 
living tissue of various taxa constituted a significant portion 
ot the total radioactivity present in the aquatic environment. 
Taxa were selected on the basis of abundance and availability 
at the majority of the stations. They included fish, caddisfly 
larvae, crayfish, clams, worms, midge larvae and filamentous 
algae . 

Concentrations of radioactivity found in living tissue 
constituted a significant proportion of the total radioactivity 
present m the aquatic environment. However, based on the 
analyses, large variations in the tissue concentrations were 
apparent. The variability was attributable to the standard error 
of measurement as well as the age of the organism and species 
differences within the taxa. The value reported as mean concen- 
tration is, therefore, an estimate of the concentration in various 
taxa at a particular station for the entire study period. 

The significance of absorbed concentrations of radio- 
activity on the aquatic community structure is difficult to 
ascertain because wide ranges of tolerances exist in various 
taxa and knowledge of fresh water contamination by radium pollution 
is limited. Radioactive contamination of living tissue may be 
expressed three ways: first, lethal somatic effects in which the 
concentration of radionuclides is sufficient to cause severe damage 
and death; secondly, sublethal somatic effects which affect the 
organism but do not necessarily cause its death; and thirdly 
genetic damage which expresses itself in the offspring of the 
organism exposed. The only category which was measured in this 
study was direct lethal damage and no evidence of such damage was 
found. ' 

The following argument (Conroy and McGrath) was used to 
determine direct lethal damage to community structure: if the 
concentration of radionuclides was lethal to an invertebrate 
taxum, the tissue concentration should approach but not exceed 
some value. That is, any taxa which had accumulated a lethal 
body burden would be eliminated. The data suggest that no ceiling 
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TABLE 3.12 
RADIOACTIVITY IN FISH IN THE SERPENT RIVER BASIN 



Body of 














No. < 


Water 


Species 


Sample 


Alpha 


Beta 


Ra-226 


U-238 


Samp' 


Teasdale 


Whitefish 


Whole fish 


0.06 


5.4 


N.D. 


N.D. 


7 


Lake 




Fillet 


0.03 


5.4 


N.D. 


N.D. 


r j 




Lake trout 


Whole fish 
Fillet 


0.03 


5.1 


N.D. 


N.D. 


7 


Dunlop 


Whitefish 


Whole fish 


0.1 


9.8 


0.02 


JL • O ■ 


6 


Lake 




Fillet 


0.1 


7.3 


N.D. 


I.S. 


6 




Lake trout 


Whole fish 


0.1 


5.1 


N.D. 


I.S. 


1 






Fillet 


N.D. 


4. 5 


N.D. 


N.D. 


2 


Quirke 


Whitefish 


Whole fish 


4. 3 


12- 


0.1 


18 


18 


Lake 




Fillet 


0.7 


6.3 


0.04 




18 




Lake trout 


Whole fish 


0.7 


4.2 


0.03 




12 






Fillet 


0.9 


4.6 


0.08 


1. 5 


12 


Whiskey 


Whitefish 


Whole fish 


3.1 


8.1 


0.1 


3.0 


9 


Lake 




Fillet 


0.3 


4.2 


N.D. 




9 




Lake trout 


Whole fish 


1.0 


5.0 


N. D. 


N.D. 


13 






Fillet 


0.6 


4.2 




I.S. 


13 


Pecors 


Whitefish 


Whole fish 


1.0 


5.8 


0.07 


I.S. 


4 


Lake 




Fillet 


0.3 


4.2 


0.02 


I.S. 


4 


Elliot 


Whitefish 


Whole fish 


1.4 


7.9 


0.15 


I.S. 


6 


Lake 




Fillet 


0.1 


6.7 


0.08 


I.S. 


6 




Lake trout 


Whole fish 


0.05 


5.1 


0.06 


1.2 


3 






Fillet 


0.3 


4.8 


0.08 


N.D. 


3 


Depot 


Whitefish 


Whole fish 


0.3 


6.4 


0. 8 




6 


Lake 




Fillet 


0.1 


5.9 


N.D. 




6 


McCarthy 


Walleye 


Whole fish 


0.6 


6.3 


0.1 


0.01 


6 


Lake 




Fillet 


0.2 


5.2 


0.2 


N.D. 


6 


Camp 


Walleye 


Whole fish 


0.5 


8.0 


0.06 




1 


Lake 


Whitefish 


Whole fish 


0.6 


0.7 


0.08 




r j 






Fillet 


0.1 


0.6 


N.D. 




5 


Serpent 


Northern 


Whole fish 


0.1 


6.3 


0.01 




2 


Harbour 


Pike 


Fillet 


0.1 


6.3 


0.01 




2 
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Bass 


Whole fish 


20.0 


35.6 


9.1 


I.S. 


5 


Lake 




Fillet 


0.8 


5.6 


0.02 


I.S. 


5 


Paudash 
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Whole fish 


5.4 


34. 3 


1.3 


I.S. 


3 


Lake 




Fillet 


0.02 


6.8 


0.01 


I.S. 


■ 


N.D. 


not detectabl 


e 












I.S. 


inefficient 


sample 













All units in pCi/gm (wet weight) except U-238 in ug/gm, 
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concentration was reached in the measurement of radioactivity 
in caddisfly larvae, midge larvae, crayfish worms of fila- 
mentous algae. Some stations in the Bancroft area which 
showed high levels of radioactivity in caddisfly larvae had 
immature mayflies, stoneflies and dragonflies as part of the 
bottom fauna community while in the Elliot Lake area stations 
with comparable levels of radioactivity in caddisfly larvae 
were void in the immature mayfly, dragonfly and stonefly sector 
of the community. It seems, therefore, that the effect noted 
was caused by chemical conditions associated with waste inputs. 

Similarly, while large Unionidae clams had been 
eliminated from lakes receiving mine wastes in the Serpent 
watershed, these same organisms were present in lakes of the 
Crowe system and no evidence of beds of dead clams were found. 
Analyses of alpha activity in clam flesh revealed that the 
clams had not succumbed. As mentioned in a preceding section, 
this suggests that the clams were eliminated from lakes in the 
Serpent watershed by the high sulphate - low pH conditions. 
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FlGURE-3 = 20 
CONCENTRATION OF RADIOACTIVITY IN CLAM FLESH (UNIONIDAE) 
IN THE SERPENT RIVER BASIN 
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FIGURE-3:2I 

CONCENTRATION OF RADIOACTIVITY IN FILAMENTOUS ALGAE 

IN THE SERPENT RIVER BASIN 
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FIGURE-3-22 
CONCENTRATION OF RADIOACTIVITY IN CADDISFLY LARVAE 

IN THE SERPENT RIVER BASIN 
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FIGURE -3 23 
CONCENTRATION OF RADIOACTIVITY IN CRAYFISH MIDGES B WORMS 

IN THE SERPENT RIVER BASIN 
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FIGURE-324 
CONCENTRATION OF RADIOACTIVITY IN CADDISFLY LARVE (C) MIDGES (Mi) S WORMS (W) 
IN THE UPPER CROWE RIVER -EELS CREEK BASIN 
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FIGURE-3-25 
CONCENTRATION! OF RADIOACTIVITY IN CLAM (UNIONIOAE) FLESH 
IN THE UPPER CROWE RIVER-EELS CREEK BASIN ** 
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FIGURE-326 
CONCENTRATION OF RADIOACTIVITY IN CRAYFISH 
IN THE UPPER CROWE RIVER -EELS CREEK BASIN 




CHAPTER 4 



PUBLIC HEALTH ASPECTS OF ENVIRONMENTAL RADIOACTIVITY 
DUE TO URANIUM MINING OPERATIONS IN ONTARIO 



4. PUBLIC HEALTH ASPECTS OF ENVIRONMENTAL RADIOACTIVITY 
DUE TO URANIUM MINING OPERATIONS IN ONTARIO 



4.1 INTRODUCTION 

The 1965 Report of the Deputy Ministers' Committee 
presented a range of introductory and explanatory information 
about the nature and effects of radioactivity which will not be 
repeated here. At that time, public attention had been focused 
on the radioactive component in the environments of the Elliot 
Lake and Bancroft mining operations and this became the main 
theme of the 1965 Report and the reasons for its recommendation 
of a more detailed investigation of the uranium mining areas by 
the Ontario Water Resources Commission. With that investigation 
now completed, a review of the public health aspects is once again 
appropriate . 

The earlier sections of the present report make it clear 
that radioactivity is only a minor part of the whole pollution 
picture. The observed effects of the mining operations on the 
local waters, particularly on their ability to support the full 
fabric of aquatic life, are extensive and accountable in terms 
of familiar chemistry, without invoking radioactivity. While the 
presence of radioactivity in water may not be ignored as long as 
it remains an item of human consumption, it cannot at the observed 
levels be claimed on the basis of anything now known to have played 
a significant role in the decimation of aquatic populations. 

To a great extent, it is, therefore, possible and 
desirable to separate the conventional from the radioactive 
aspects of the problem, the former being identified as in the 
province of conservationist policy and the latter as the principal 
public health issue. Since, however, the priorities for corrective 
action with respect to a disturbed environment are strongly influenced 
by the degree of associated health hazard, it is important that the 
latter should be neither underestimated nor exaggerated. Obviously, 
gross underestimation could lead to a false sense of security and 
perhaps to the later appearance of disease among those exposed 
while exaggeration, if taken seriously, would result, sooner than 
necessary, in the diversion of economic resources which could 
more usefully be deployed elsewhere. 

All hazard estimates depend in one way or another on 
past experience. Where there is clear evidence, from examination 
of a reasonable .-.umber of cases, of a cause-effect relationship 
between some noxious agent, administered at high or intermediate 
dose-levels, and some disease, the relationship can often be so 
formalized and extended as to lead to plausible guesses about 
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effects at low dose-levels where no cases have been experienced. 
On the other hand, if there is a sufficiently large population 
already exposed at the low level of interest, one may take the 
epidemiological approach and look for differences between the 
disease pictures presented by the exposed group and an unexposed 
but otherwise comparable group, conjecturing, with whatever 
confidence the statistics justify, that a disease excess in the 
former is due to its exposure. Both methods suffer from diffi- 
culties and statistical uncertainties, particularly when, as in 
the case of radiation-induced illness, the disease occurs naturally 
to some extent in the population or is also referable to competing, 
non-environmental factors. But for chronic exposures there are no 
other ways of arriving at a guideline of the sort familiarly called 
a 'maximum permissible exposure rate'. Roughly speaking, an m.p.e.r. 
is an educated guess at that exposure rate which will fail by some 
margin to produce a statistically distinguishable excess incidence 
of disease or of a disease-type in a given population. Exposure 
at or below the m.p.e.r. obviously does not guarantee the non- 
appearance of the disease in the population, but it does tend to 
guarantee that an individual manifestation of the disease will not 
be traceable with certainty to the exposure. Such guidelines are 
among the central considerations in the practice of radiation 
protection and of occupational and environmental medicine. 

The chronic environmental radiation exposures to which 
the public is subject in the uranium mining areas are of several 
kinds which will be discussed briefly further on. They are 
slightly higher than those to be found in most other parts of the 
province but can without question be described as low-level. For 
purposes of differential hazard estimation, we must, therefore, 
judge our observed exposures in terms of m.p.e.r. 's which have 
been derived by either of the two methods noted above. 

Epidemiological studies on populations under comparable 
exposure regimes are few and inconclusive. In a recent one, by 
Petersen et al , a search was made for excess bone-cancer related 
mortality in a population of close to one million persons in 
selected Illinois and Iowa communities where the drinking water 
carried more than 3 picocuries of Ra-226 per litre (averaging 4.7 
pCi/1 overall). Their retrospective search of death certificates 
covering a twelve-year period did in fact reveal a small excess 
of bone-cancer deaths over those recorded for a matched control 
population whose drinking water carried less than one picocurie 
of radium per litre, but the authors pointed to a number of poorly 
controlled variables in the study which vitiated the straight- forward 
conclusion. They felt that a properly designed prospective study 
of this or a larger population, over at least twenty years , would 
be necessary to determine whether radium at this low level in 
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drinking water could be correlated with the incidence of 
bone cancer or some particular type of bone cancer. 

Thus, while epidemiological studies can provide the 
ultimate test for theories about the effects of environmental 
stresses, they constitute a difficult, time-consuming and 
expensive means of arriving at m.p.e.r.'s. For our present 
purpose, there is really no recourse other than to take as 
correct the guidelines of the International Commission on 
Radiological Protection (ICRP) . There have been some minor 
refinements since 1965 but no essential changes in the suggestec. 
intake limits for radium or other radioisotopes of interest here. 
It is to be noted that the next edition of the recommendations of 
ICRP Committee II will not list maximum permissible concentrations 
of radioisotopes in drinking water: the corresponding limit will 
be in terms of total intake of radioisotope into the gastro 
intestinal tract per unit time. This obviously leaves the health 
referee with the further task of determining whether there is a 
significant intake related to food. 

Finally, it should be clear that the guidelines 
discussed in this appendix have their origin solely in theories 
about health effects. Particular guidelines, such as water 
quality objectives or standard enunciated by a jurisdictional 
authority, can be expected to be related but not necessarily 
identical. It may, for example, be desirable to set a series of 
graduated objectives in recognition of the practical difficulties 
involved and of the time required by the companies to comply, and 
the ultimate objective may be set somewhat lower than current 
theories require, as a hedge against fluctuations in control and 
against unpredictable changes in the theory itself or in the way 
in which it is interpreted. In gray areas, interpretation can 
become controversial; the highly publicized criticisms of the 
U.S. Atomic Energy Commission's effluent regulations and of the 
Federal Radiation Council's policies by Gofman and Tamplin (24) 
are a case in point. 



4 . 2 GENERAL COMMENT ON THE SURVEY 

The earlier chapters in this report deal in the main 
with water-borne radioactive and chemical pollution. They make 
clear that the uranium producers have made greater efforts in the 
last few years to limit the spread of radioactivity into the 
public domain, specially into public waters. Dike maintenance, 
process water recycling, barium chloride treatment of the effluent 
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and, of course, mill shut-downs have all contributed in 
various degrees to the observed trend reversal in the radium 
levels downstream. Current attempts to induce new growth on 
solid tailings offer the possibility of diminishing the runoff 
of dissolved activity. Although, as pointed out, it would take 
the lakes and streams below the mining works many years to return 
to something like their pristine condition even if there were no 
further input of radioactivity, we appear to face a relatively 
stabilized or even gradually improving situtation. In the early 
years, it was not clear that the trend would not continue upward. 
So it seems reasonable to reconsider the health implications for 
the local population at radioactivity levels essentially no worse 
than those now found. Since water-borne activity may not tell the 
whole story, a brief discussion of all exposure pathways which 
might at first sight be though significant is in order. 



4.3 EXPOSURE PATHWAYS 

It is to be remembered that everyone, wherever he lives, 
is continuously subject to 'natural background' irradation due to 
small amounts of radioisotopes in his body and surroundings, and 
intermittently to medical x-ray exposures. The public living in 
a uranium mining district may be exposed to something extra simply 
because of the enhanced environmental radioactivity brought about 
by the mining operations and it is only this 'extra' which can imply 
a penalty and, therefore, require some assessment. The intention 
is merely to mention those environmental factors which have been 
considered. For readers seeking further orientation, the UNSCEAR 
Report will provide a detailed frame of reference. 

4.3.1 Terrestrial Radiation 

The proximity of extended ore bodies and to some degree 
the use of slightly active waste rock for road building might be 
expected to result in a locally elevated 'natural background'. 
The Department of Health has not carried out thorough surveys but 
a few scattered measurements in the Town of Elliot Lake suggest 
that the average terrestrial component there may be about double 
that which is characteristic of most other places in Ontario. In 
terms of radiation dose-rate to body cells this might be taken to 
imply approximately a 50 percent greater background effect than that 
experienced elsewhere in the province. Elevated backgrounds of 
this sort are fairly common in other parts of the world but since, 
whatever their magnitude, they represent a natural rather than 
artificial condition, it is customary to disregard them as a 
subject for protective planning. In any case, health effects at 
this level are subliminal. 
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The presence of dissolved activity and bottom mud 
activity in the lakes and streams makes only a negligible 
contribution to background elevation. Radiation levels over 
the tailings dumps are somewhat higher, but these places are 
not in the public domain. 



4.3.2 Swimming 



Although a recreational lake affected by tailings 
pond overflow may contain in toto several curies of radium 
and other activity, the radiation dose accumulated in a summer's 
swimming is extremely small, even at concentrations much greater 
than those observed. Not much of the total activity is close 
enough to the swimmer to matter, and distance-attenuation is 
enhanced by the very effective shielding due to the water itself. 

4.3.3 Active Residues on Skin and Clothes 

Continual use of affected lake-water in the bath and 
washing-machine might conceivably be expected to lead to some 
build-up of active residues on skin and particularly on clothes 
and bedding. Rough calculations pertinent to the waters being 
used in this way belie the expectation, and tests with our most 
sensitive contamination meter on articles repeatedly laundered 
in Elliot Lake water failed to show any trace of activity. 

4.3.4 Inhalation of Radon and Radon 
Decay Products 

Occupational (i.e. uranium miners') exposure to radon 
daughters at high concentrations in inhaled air - several hundred 
picocuries per litre - and over periods of 10 to 20 years is 
associated with an increased incidence of lung cancer. Radon gas 
itself is much less hazardous, but since it is easier to detect 
and measure it can be used in cases like this as a crude index 
for the presence of its decay products. It is universally present 
in the lower atmosphere at levels averaging 0.1 to 0.3 pCi/1. A 
slightly higher average concentration might be suspected in the 
vicinity of the mines because of the large volumes of underground, 
radon-bearing ventilating air dumped into the local atmosphere 
and because of radon gas seepage from tailings piles. Spot checks 
by the Department of Health in a few inhabited locations showed a 
high of 0.5 picocuries of radon per litre, and less than 2.0 pCi/1 
at the edge oi ^ tailings pile. Much more extensive tests reported 
by the U.S. Public Health Service in connection with four towns m 
Utah and Colorado with suburban or midtown tailings dumps gave 
results not significantly higher. A reasonable conclusion is that 
the open-air radon daughter levels in public areas are essentially 
the same as elsewhere and so should not be cause for concern. 
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On the other hand, radon daughter levels may become 
significant in a house or other building, the masonry portions 
of which incorporate sands or aggegate material from a tailings 
dump. The radon gas seeps out of the masonry into the air of the 
house and there, in the absence of sufficient ventilation, builds 
up radon decay-product levels perhaps approaching those found in 
the mines. No such structures have come to light in the areas 
considered here, but some years ago a number of houses with this 
sort of history were condemned in Czechoslovakia, and more recently, 
a few score buildings in the American Southwest were condemned for 
the same reason (New York Times, Feb. 17, 1970). 

4.3.5 Inhalation of Windblown Tailings Dust 

The question of airborne radioactive dust was raised 
in the 1965 Report and subsequently it was arranged through the 
Air Management Branch of the Department of Energy and Resources 
Management (now Department of the Environment) to collect month 
long precipitation samples from five locations in the Elliot Lake 
area over a period of about two years. Four of these locations 
were to windward and leeward of two established dried tailings 
dumps, and the fifth was some miles away at the Lands and Forests 
office just outside the Town of Elliot Lake. The Department of 
Health analyzed all the samples for gross alpha and beta activity. 
The beta activity was of the same order as, and therefore without 
further analysis indistinguishable from, beta activity related to 
bomb fallout. The alpha activity was somewhat higher than that 
associated with bomb fallout and so probably was carried by dust 
of local origin. In all cases, the alpha activity measured at 
the remote location (Lands and Forests office) was something like 
a factor of ten less than that found close to the tailings. 

Using a crude coefficient relating airborne and pre- 
cipitated bomb fallout concentrations, one can estimate that most 
of the settled alpha activity collected in the Elliot Lake experi- 
ments would have originated in airborne material at concentrations 
of the order of one picocurie per cubic meter. Since this value is 
in the range of ICRP'm.p.C s. for the more toxic alpha emitters 
(e.g. for insoluble Th-NAT , the public inhalation mpc is just one 
picocurie per cubic meter ) verification by a sufficient number of 
direct measurements is still desirable. The one direct measurement 
made by the Department of Health in midtown Elliot Lake - as an 
after-thought to the precipitation experiments - yielded a concen- 
tration figure of rather less than one picocurie of alpha activity 
per cubic meter. If airborne dust proves to be more than a marginal 
problem, a cure might be sought through promotion of cover-growth on 
the tailings . 
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4.3.6 Radioactivity in Food 

It has not been possible for the Department of Health 
to examine the dietary habits of residents in either of the 
uranium mining areas. It seems likely, however, that at least 
among the Elliot Lake population {see Chapter 1, Section 1.1.4) 
locally grown produce does not constitute a big item of intake. 
It will therefore be assumed until the contrary is proven that 
the radioactive content of the main dietary items in these areas 
is not significantly different from the provincial or national 
average. 

Occasional dietary items might include local fish or 
clams, although to what extent they are eaten we do not know. 
The edible portions of several different species of game fish 
caught in Whiskey Lake in 1968 were analysed for Ra-226 and the 
results ranged from 6 to 65 picocuries of radium per pound of 
fillets, averaging around 30 picocuries per pound. The occasional 
consumption of a pound of fish radiologically loaded to this extent 
should not be cause for concern; the radium intake would be about 
the same as that in five days' worth of drinking water from Elliot 
Lake (1.2 litres per day at 5 pCi/1). The concentration of other 
alpha emitters in the fillets was not unduly high considering their 
lower toxicity. On the other hand, a batch of clams secured in 
Serpent Harbour, near the river mouth, revealed a considerable 
propensity for radium uptake in the soft tissue where values in 
the range of 1,000 to 2,000 pCi/lb were common, which is the equi- 
valent per pound of 160 to 320 days' worth of drinking water from 
Elliot Lake. No demonstrable harm would be likely to result from 
occasional consumption if the clams were otherwise edible, but 
obviously they would, at this level, constitute the major avenue 
of radium intake if they become a regular item of diet. 

It might be pointed out that the use of tailings muck 
for vegetable garden soil would be regarded as a questionable 
practice. Instances have not been discovered in the areas 
considered here, but a widespread situation of this sort has 
recently come to light in Grand Juction, Colorado (Washington 
Post, Sept. 2, 1970) where over a period of years, a uranium 
mining company freely donated tailings material to house builders 
and owners for use as backfill and garden soil conditioner. 

Milk from cows watered from affected streams (see Table 
1.3) has not been examined but should be if it is not diluted by 
pooling with other milk. 
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4.3.7 Radioactivity in Water 

As mentioned in the 1965 Report, all member radio- 
isotopes of the uranium and thorium families are present in 
the tailings and can be expected to appear in the final effluents, 
although in unpredictably different proportions. The main concern 
in relation to public health is the concentration found at the 
point where the water is consumed. 

It would be an impossible task to assay each water 
sample for some two dozen different radioisotopes and fortunately 
this is not necessary. Three or four stand out much above the 
others in toxicity. The relative ranking of these is as follows: 

Radium-226 (1) 

Radium-228 (0.3) 

Lead-210 (0.1) 

Thoriums (0.01) 

where the numbers in brackets are inversely proportional to the 
ICRP limits for daily ingestion and, therefore, represent a 
rough measure of toxic potency relative to Radium-226. The 
critical or target organ in all four cases is bone. The practical 
implications of this can be illustrated by a hypothetical example. 
A sample of water containing 3 picocuries of Ra-228 for every 
picocurie of Ra-226 will be, so to say, twice as potent as a 
similar sample with the same amount of Ra-226 but no Ra-228. 
If the concentration limit for the second kind of water was 
agreed to be 10 picocuries of Ra-226 per litre, the limit for 
the first kind would have to be set at 5 picocuries of Ra-226 
per litre. This sort of 'mixture rule' must be applied when the 
exposure involves two or more radioisotopes for which the critical 
organ is the same, and it obviously acts to reduce the concentration 
or ingestion limit of each of them. 

The trouble remains that up to now, very sparse infor- 
mation has been derived on the concentrations of the other radio- 
isotopes. The analytical procedures for Ra-228, Pb-210 and the 
thoriums are rather difficult and time-consuming and the laboratory 
has not been able to put them on the same sort of routine basis as 
in the case of Ra-226. However, the Department of Health still 
plans to carry through sufficient analyses to provide representative 
data. In the meantime, we must continue to use Ra-226 as hazard 
index, but relative to a reduced concentration or ingestion limit 
which will allow for ignorance about the other significant radio- 
isotopes. It is proposed to set the reduced mpc at 30 percent of 
that for Ra-226 alone, that is, at 3 pCi/1. The reduction factor 
of 3 is quite arbitrary, but is believed to be adequate until 
better information is available. 
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In the light of our proposed mpc , the water uses 
study shows that several thousand persons in the Town of 
Elliot Lake are drinking water which is within the mpc, and 
a few hundred elsewhere are using water in the range of 1 mpc 

to 4 mpc . 

A review of the preceding sections seems to justify 
the conclusion that the radiation exposure of the public in the 
uranium mining areas is likely to differ significantly from that 
of people in the rest of the province in only two respects: 
through alpha-active dust inhalation and through ingestion of 
radioactivity in water. Both exposures appear to be quite 
marginal . 



4.4 RADIATION DOSE 

The potential for disease induction by radiation in 
a tissue, organ or organism is believed to be closely related 
to 'radiation dose'. Dose is proportional to the energy 
deposited by the radiation in the tissue, or alternatively, to 
the rate of energy deposition multiplied by the time over which 
the deposition takes place. In the case of ingested or inhaled 
radioisotopes, for example, the ICRP formulations attempt to 
relate the rate of intake of the radioisotope to the cumulative 
dose which it will confer on the tissue of interest over a 
working or full lifetime. The recommended rate of intake is 
then adjusted to a figure which will result in a cumulative dose 
less than any which has been observed to lead to overt symptoms 
or disease. This does not imply a dose threshhold for any 
particular disease effect: the ICRP makes the cautious assump- 
tion that any radiation exposure may carry some risk for the 
production of somatic effects, including malignancies, and of 
hereditary effects, and that the risk increases with the accumu- 
lated dose. It does, however, imply a 'practical threshhold' in 
the sense that the associated risk is small enough to be generally 
acceptable. There are both safety factors and poorly known para- 
meters in the theory, so that the recommended intakes and exposure 
rates cannot be regarded as very sharp values, and certainly not 
as dividing lines between safe and unsafe. What appears fairly 
sure is that the risk for the individual exposed at one mpc is 
very small, and that the risk from exposure at a few mpc is still 
small . 
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4.5 COMPARISON OF RADIOLOGICAL DRINKING WATER STANDARDS 

There is still not much uniformity in the words used 
to connote limits which may be recommended or imposed for the 
purpose of exposure control. Variants en the rather meaningless 
term 'maximum permissible concentration* (mpc) are still common 
and no attempt has been made to avoid them in this chapter. 

(a) The Ontario Water ResourcesCCommission has 
proposed the use of the single word 'standard' 
which, with respect to any sort of contaminant, 
appears to mean the maximum acceptable limit. 

(b) The Federal Radiation Council (U.S.), aware of 
the universal propensity to take limit numbers 
as sharp, speaks of 'intake ranges' within each 
of which some appropriate control action is 
recommended. 

(c) The Canadian Drinking Water Standards and 
Objectives 1968, follows a rather similar plan, 
offering three types of limit, defined as follows: 

Objective: This is interpreted as a long term 

quality goal. 

Acceptable limit: This limit should not be 
exceeded when more suitable supplies can be made 
available . 

Maximum Permissible Limit: This limit is known 
as a standard. It implies a limit on certain 
substances (toxic chemicals, radioisotopes, 
pathogenic organisms) known or suspected to affect 
human health. No supply should be allowed to carry 
any such material at the limit level indefinitely. 
These three classes of limit are defined as follows 
when the contaminant is radioactivity: 

Objective: - 1/10 of the ICRP (mpc) for 

a 168-hour week 

Acceptable limit: - 1/3 of the ICRP (mpc) for a 

168-hour week 

Maximum permissible - ICRP (mpc) for a 168-hour 
limit: week. 
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If Ra-226 is the only activity present in 
the water the three limits would correspond 
to 10, 33 and 100 picocuries of Ra-226 per 
litre. 

If the water contains several radioisotopes 
of the types discussed in Chapter 3 the three 
limits would, according to our proposal, 
correspond to 3, 11, and 33 picocuries of 
Ra-226 per liter. In this area, our proposed 
effective mpc was an objective. None of the 
sources listed in Table 1.3 would be above 
the Acceptable Limit. 



4.6 CONCLUSIONS ON THE PUBLIC HEALTH ASPECTS 

(1) A review of radiation exposure modes to which the 
public living in the uranium mining areas of Ontario is subject 
suggests that intake of affected water, consumption of local 
produce and exposure to windblown alpha-active dust are the main 
items likely to be of continuing interest to the Department of 
Health. 

(2) Exposure levels exceeding established norms occur only 
in relation to a small portion of the resident public, and the 
excesses are not such as to demand higher priority correction 
than would be accorded on the ordinary basis of chemical pollution 
control . 

(3) Radioactivity in game-fish from the Serpent River system 
which have been examined to date has not been high enough to pre- 
clude them as an occasional item of diet; . clams have been shown 
to accumulate much higher levels of radioactivity and on this 
account are unsuitable even if otherwise edible. 



4 . 7 RECOMMENDATIONS FOR FURTHER STUDIES 
ON THE PUBLIC HEALTH ASPECTS 

(1) The Department of Health should expend increased effort 
on developing the analytical methods for the determination of Ra-228, 
Lead-210 and Ll._ thoriums at low levels in water, and in co-operation 
with the OWRC amass representative data on the concentrations of 
these radioisotopes which occur at points where they are consumed. 
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(2) Further effort should be made to define those groups 
in the local population receiving the largest exposures, i.e. 
the 'critical groups' in the ICRP sense of the term. 

(3) Continuing assessment of the radioactivity in dietary 
items of local origin should be maintained. 

(4) The Department of Health, in conjunction with the Air 
Management Branch, Department of Energy and Resources Management, 
should by collection and analysis of sufficient filter samples, 
seek to determine whether airborne dust plays a significant part 
in the exposure of local populations. 

(5) Where surgical or post mortem procedures are carried out 
on members of the local public, clearance should be obtained where 
possible for the provision of tissue specimens, particularly bone, 
to the Department of Health for radiochemical analysis. Such an 
arrangement would provide useful clues in assessing the general 
exposure situation. 

Cc A ' 
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CHAPTER 5 



WATER QUALITY FOR RECEIVING WATERS 



WATER QUALITY FOR RECEIVING WATERS 



5.1 CHEMICAL QUALITY 

This study has provided background information for 
defining the water quality in the Serpent River Basin downstream 
from Stollery Lake and in the Upper Eels Creek and Crowe River 
basins, that will provide protection for aquatic life and ensure 
satisfactory water quality for domestic, industrial and recrea- 
tional uses of the waters. 

The restoration of the aquatic environment to support 
and maintain multiple water uses , including those which recognize 
the intrinsic value of the natural ecosystem, will necessitate 
the ultimate adoption of stringent treatment requirements. 
However, owing to the extent of existing pollution and the 
limitations of present waste treatment technology, it is recog- 
nized that acceptable levels of water quality will not be 
achieved in the near future. 

Figure 5.1 illustrates graphically the relationship 
between the biotic index of diversity and water quality para- 
meters or the changes in the aquatic ecology as a function of 
the water quality for the Serpent River basin. It is apparent 
that the aquatic biota is responding negatively to the changes in 
water quality which have been wrought by the discharges from the 
uranium milling industry. However, it is not altogether apparent 
which parameter (s) is/are exerting the profound effect on the 
biological conditions. It has been established that reduced pH 
is the principal factor which has led to the serious reduction in 
primary (phytoplankton) production in the most severely affected 
lakes of the Serpent River watershed throughout the greater part 
of the year. The devastating effect of this phenomena in 
curtailing the normal production of zooplankton and other inverte- 
brate life has been well substantiated by the data obtained and the 
resulting impact on fish production has been clearly demonstrated. 
It is imperative, therefore, that limits be placed on the hydrogen 
ion concentration: pH should be maintained within a range of 6.5 
to 8. 5 (Table 5.1) . 

In addition, portions of the Serpent River contain 
concentrations of ammonia which are potentially lethal to the 
aquatic ecosystem, including fish. The depressed pH condition 
induced by th:. ~^ning activity prevents the manifestation of 
this toxicity since the most toxic form of ammonia is undissociated 
ammonium hydroxide (McKee and Wolf) which is virtually absent in 
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FIGURE -5; I 
SERPENT RIVER BASIN 
RELATION BETWEEN WEIGHTED INDEX OF DIVERSITY AND VARIOUS 

CHEMICAL PARAMETERS 
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solutions at low pH. At pH 6, the ratio of ammonia and the 
ammonium ion to ammonium hydroxide is approximately 3 00:1. 
At pH 8, however, the ratio becomes 30:1 (Hutchison, G.E.). 
It is therefore imperative that the discharge of ammonia be 
reduced to a level which does not allow portions of the 
receiving water to reach toxic concentrations as the low pH 
conditions are corrected. The procedures for evaluating 
acceptable concentrations of ammonia are outlined in the 
"Guidelines and Criteria for Water Quality Management in 
Ontario", OWRC 1970. 

Acceptable levels of dissolved solids and sulphates 
required for the protection of the aquatic life cannot be clearly 
defined from the findings of this study. It does appear, however, 
that the discharge of these contaminants will have to be restricted. 
For example, biological data (mean weighted index of diversity of 
stream fauna) appear to indicate that increases in dissolved solids 
and sulphate concentrations have been partly responsible for the 
impairment of the aquatic biota in the Serpent River Basin. For 
some sections of the Serpent River Basin, as well as the waters 
in the Bancroft area, the data indicate that the aquatic biota 
can tolerate levels considerably higher than background without 
adverse effects if the pH of the waters has not decreased signifi- 
cantly. For example, both the outlet of Depot Lake, and the 
Serpent River at Hwy . 17, which did not show significant impair- 
ment in pH , possessed stream fauna communities similar to those 
of unpolluted waters in the area, even though the concentrations 
of dissolved solids and sulphates represent significant increases 
over background. Other stations, including the outlet of Quirke 
Lake and the inlet to Whiskey Lake, which possess dissolved solids 
and sulphate levels similar to those of the above mentioned stations 
but with depressed pH , showed significant impairment of the stream 
fauna communities. This suggests that low pH, when it occurs, 
significantly contributes to the existing impairment of the aquatic 
biota in the Serpent River Basin. 

Likewise the waters in the Bancroft area did not have 
significant adverse effects on the biota although the dissolved 
solids and sulphates were high. Since pH depression did not 
become a problem in the Bancroft area, this reinforces the 
previous conclusion that pH was the principal factor in affecting 
the aquatic productivity throughout the Serpent River Basin. 

It is anticipated that the receiving water concen- 
trations for dissolved materials and sulphates will ultimately 
be considerable lower than existing levels. Further studies are 
necessary to define these levels and indicate the degree of control 
that will be necessary to protect the watersheds, particularly the 
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Serpent River system. It is anticipated that advanced waste 
treatment techniques possibly including ion exchange or reverse 
osmosis may be required, since the present techniques will not 
adequately control dissolved solids and sulphates. In the mean- 
time, the remedial measures as presented in the recommendations 
of the report should be implemented to improve existing water 
quality, with the priority being given to the correction of the 
pH problem. 

Neutralization of the tailings effluent with lime is 
considered acceptable as an interim measure only until this and 
other methods such as sulphide removal (to reduce oxidation of 
sulphides in the tailings areas) can be investigated and evaluated 
as a long-term solution. In addition, close surveillance must be 
maintained over the ammonia levels, the toxicity of which increases 
with increased pH, if adverse effects on the biota result, the use 
of ammonia may have to be discontinued. 



5.2 RADIOLOGICAL QUALITY 

Although concentrations of radionuclides were detected 
in the aquatic biota no direct hazard to the biota was observed 
and it is felt that radionuclide levels which meet the proposed 
water quality standards will adequately protect the biota. The 
standards for radiological water quality are also presented in 
Table 5.1. Details on the development of the proposed radio- 
logical standards are given in Section 1.4 of Volume I and Chapter 
4 of this volume. 
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TABLE 5.1 

PROPOSED WATER QUALITY STANDARDS FOR THE 
SERPENT RIVER AND UPPER CROWE RIVER - EELS CREEK BASINS 



Chemical 



Parameter 

PH 

Toxic substances 
{including ammonia and metals) 



Standard 

6.5 - 8.5 

Toxic substances must not be 
added to water in concentrations 
or combinations that are toxic 
are harmful to human, animal, 
plant or aquatic life (1). 



Radiological (2) 



Known 
Present 
in Water 

Ra-226 

Ra-228 

Pb-210 

Thoriums 



All four 
above 



Known 
absent (3) 



Measured 
Concentration 



Other 


nuclides 




CI 


Other 


nuclides 




C2 


Other 


nuclides 




C3 


Other 


nuclides 




C4 


None 




CI, 


C2, 






C3 r 


C4 



Derived control 
level 

CI < 10 pCi/1 

C2 <_ 30 pCi/1 

C3 < 100 pCi/1 

C4 < 1,000 pCi/1 



Either C1+C2+C3+C4<1 
10 30 100 1000 



Or 



CI < 3 pCi/1 



if C2, C3, C4 not 
determined 



(1) 



(2) 



Refer to OWRC "Guidelines and Criteria for Water Quality 
Management in Ontario" . 

Unless further studies prove otherwise, it is assumed that, 
if Ra-226 level in drinking water is 3 pCi/1 or lower, the 
health ha^xd associated with other radionuclides from the 
uranium bearing ores in the Elliot Lake and Bancroft areas 
is not significant. 

(3) Absent means present at a negligibly small fraction of the 
derived control level for the isotope in question. 
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LIST OF ABBREVIATIONS 

Ac - acidity as mg/1 CaCOs 

Alk - alkalinity as mg/1 CaC0 3 

cfs - cubic feet per second 

CI - chlorides 

D.S. - dissolved solids 

Fe - iron (total) 

Gross a - gross alpha activity 

Gross $ - gross beta activity 

Hard - hardness as mg/1 CaCOa 

ICRP - International Commission on Radiological 
Protection 

lbs - pounds 

In - logarithm base e 

mg/1 - milligrams per litre 

mpt - maximum permissible concentration 

MWI - mean weighted index of diversity 

N, - total nitrogen as N 

02 - ounces 

pCi/gm - picocuries per gram 

pCi/1 - picocuries per litre 

P - total phosphorus as P 

Ra-226 - radium-226 

SOi, - sulphate 

sp. - species 

S.S. - suspended solids 



140 



Th-Nat - natural thorium 

U-238 - uranium 238 

uCi/day - microcuries per day 

ug/gm - microcuries per gram 

ug/1 - micrograms per litre 

a-susp. - alpha activity associated with suspended 

solids 

(3-susp. - beta activity associated with suspended 
solids 
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